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PEEFACE. 



Dr. Lafar has paid ine the compliment of forward- 
ing me a copy of the . first volume of his " Technical 
Mycology/' with a request that I should write a preface 
to the work. A perusal of the book gives me the impres- 
sion that its contents will in themselves be a sufficient 
recommendation, and ensure the success of the work 
throagh its own inherent value; consequently, an Intro- 
■duction by me is so far superfluous. Should, however, a 
few words of mine be the means of helping to secure for 
the work of my young colleague a readier introduction, 
here and there, than it would perhaps otherwise find, I 
shall be exceedingly pleased. 

The First Volume treats of Bactekia. In a series of 
chapters we are shown the predominant róles — both useful 
And antagonistic — played by these organisms in Distilling 
and Brewing; in the preparation of Wines and the manu- 
facture of Vinegar; in the Dairy; in Farming; in the 
preparation of Agricultural Fodder ; and in the manufacture 
of Tobacco and of Sugar. Then foUows an account of the 
relation of Bacteria to sundry transformations occurring in 
Nature, particularly the important facts recently established 
in connection with the combination of free nitrogen b} 
bacterial agency, with the iron and sulphur bacteria and 
the bacteria of nitrification. 

It might be feared that, in a work aiming at objects 
so decidedly practical, the theoretical side of the subject 
would possibly be overlooked. This is, however, not the 
čase in the present instance, as a glance at the Table of 
Contents will suffice to show. 
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That the Author possesses a grasp of the historical 
deyelopment of the subject has alreadj been evidenced in 
bis previous treatises, and the samé feature often appears 
in the present volume. 

In the majority of the Text-books and Manuals pub- 

lUbed in recent years, great confusion exists with regard 

la che appending of authors' names to the Illustrations. 

In ooe and the samé book, for example, we meet with 

where the name of the author of the originál 

wbence the copy has been taken is given — as it 

be — and also with other'cases where the actual 

is ignored, his name being replaced by that 

tf iÍMfr tflmpiler of some tezt-book from which the copy 

w» (ibtaáned — Le, some one who himself has doně no- 

^ďnng more than copy. Such a mode of proceduře is 

in a iógii <iegree calculated to produce a misty conception 

of ite aecml drcnmstances in the mind of the reader, the 

more ao becanse, as stated, no importance is attached to 

lábe occurreooe. Db. Lafak has, however, set vigorously 

to vork to oombat this bad hábit by taking all his 

reproductians direct from the originál sources, so that 

ther are ciear and accurate representations of these ori- 

ginals. 

The subjects included in the present work háve been 
dealt with in a many-sided manner, the Botanical as well 
as the Technical and Chemical aspects having been borne 
in mind, although preference has throughout been accorded 
to the two latt«r. The style is llowing and clear, in many 
places lively and pícturesque, and I háve read with interest 
even those portions wherein I am not at one with the 
opinions of the author. The attention devoted to the most 
recent developments of the subject gives a speciál value to 
the book. 

Within the last two decades the study of Microbiology 
has made gigantic strides, both in the pathological and the 
technical branches of the subject; and just as investigations 
into the Physiology of the higher plants gave the first im-^ 
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petus to the establishment of Agricoltural Experimental 
Stations in all countries, so, in like manner, háve the 
Physiology of Fermentation and Technical Bacteriology 
called into existence, within the last few years, a number 
of Stations and Laboratories for the development of 
those branches of industry wherein micro-organisms play 
an important part. Formerly, Chemistry exercised an un- 
disputed sway over the whole of this realm, but now Biology 
has won for itself a co-ordinate position therein — a fact 
which is now being recognised (although not yet to an 
adequate extent) in the fiUing up of professorships at the 
various Technical High Schools. An army of eager workers 
has arisen, new technical journals háve sprung into existence, 
and a great number of treatises and books are published on 
the subject every year. However cheering this may be in 
itself, the fact cannot be gainsaid that a portion (unhappily 
much too large) of these publications ought properly nevěr 
to háve seen the light. It is true that an intimate con- 
nection with practical conditions sets fresh tasks before 
the investigator, and exerts on the whole a sufficiently 
stimulating influence; but, on the other hand, the samé 
circumstance gives rise to the danger of diverging into 
by-paths, and neglecting the strict scientific conditions of 
investigation. Since these Stations and Laboratories are, 
as a rule, maintained by the circle of practical men for 
whom they work, the investigators appointed thereto are 
often subjected to regrettable pressure. Even though, 
otherwise, a certain amount of freedom is allowed them 
in these institutions, they labour under the great difficulty 
of being obliged — whilst engaged in the task of scientific 
investigation — to be ready at any moment to give assistance 
— coupled with analyses and any wished-for disclosures — 
to the parties interested. Still further difficulties arise 
when practical men foolishly intermeddle in scientific 
investigations, and especially when results that shall 
be immediately available for practical utilisation are im- 
patiently demanded — results which, however, are only 
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attainable by flcientific investigation, and cannot be foroed 
on at pleasure. 

Under círcumstances of this nátuře it reqoires great 
ftrength of cbaracter not to give way to outside pressore, 
and many examples are met with in the literatore of the 
subgect where this firmness has been lacking. 

The result of these vexed relations between Scientists and 
practieal men has been to call into existence a quasi-scientific 
literatuře by whicb neither Science nor Practice has benefited 
— a result which every one who has the healihy development 
of this subject at heart must greatly deplore, and endeavour 
to improve according to his ability. These conditions are, 
bowever, in existence, and we must také them into accoiint. 
Amongst the chaff which occupies a large part of the afore- 
said technical jonmals, there is, nevertheless, some really 
good grain to be found, and he who undertakes to write a 
work on Technical Mycology must not content himself with 
gathering from purely scientific sonrces alone, but must, at 
the samé time, work through the technical joumals as weU. 
This (by no means easy) task has been accomplished by Db. 
Lat AU with commendable discernment and ability. 

In the last few years, certainly, we háve had various 
Text-bookfl and Kanuals giving a summary of larger or 
smaller sections of Technical Microbiology ; none of them, 
howerer, bas treated the whole of this extensive field from 
so comprebensive a point of view. To prepare a work like 
the present requires not only many-sided discernment, but 
also enthusiann for the task, combined with courage and 
eoduraiiee^ pfu per ti es with which the book shows the author 
to be endowed« Tbe work will be welcomed, not only by 
tbom íor wbom it ís primaríly intended, viz., Technical 
CbenÚMtM, (^hemiMU dealing with food-stuíTs, fermentation, 
and ^pncnlimrt^ Pbannadsts, and Agriculturists — but many 
a profemor also will deríve benefit from its pages for his 
lectorea and nausarcbeM, In this respect the copious biblio- 
grapbícal rtíereoctě will also be of good service. In the 
present Toltune we bare unfortunately only the numbers 
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of tbe references, it being intended that the Bibliography 
shall be published as an Appendix to the second volume. 
This íncreases the desirability of the early appearance of the 
latter. 

The Publishers háve produced the work in a handsome 
and substantial manner, and in this respect also the im* 
pression produced is of the best. 

EMIL. CHR HANSEN. 



Carlsbsrg Laboratort, Copbkhaosn, 
Septemher 1896. 



TRAN8LAT0R'S PREFATORY NOTĚ. 



I HAVE to express my thanks to Dr. Lafar for his kind 
co-operation in the ^somewhat arduous task of seeing 
the present volume through the press. 

C. T. C. SALTER. 



London, Marek 1898. 
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TECHNICAL MYCOLOGY: 

THE UTILISATION OF MICRO-ORGANISMS 
IN THE ARTS AND MANUFACTURES. 



INTRODUOTION. 

I. 

THE THEORY OF SPONTANBOUS GENERATION. 

§ 1.— Fermentation Physiology is the Science of the 
Character and Activity of Fermentative Organisrns. 

Fermentative Orgfanism is the name given to any minuté 
being of vegetable nature capable of exciting fermentation. Whether 
any given minuté organism is to be considered as a " f ennentative 
organism " oř not depends, therefore, on the answer to the ques- 
tion : " Does it possess the power of causing fermentation ? " 

In studying this subject, the first task that lies before us is 
to obtain a defínition of the term fermentation, or, in other words, 
to establish the common factor of all the manifold processes classi- 
fied under that generál title. 

This is, however, as will soon be apparent, no light task ; and 
the probability of our attempts being crowned by a successful 
result will be greater if we limit the scope of the question at 
the outset, and for the moment consider the term " fermentation " 
as applying merely to those phenomena with which it is associated 
in coUoquial language, viz,, the conversion of must into wine, wort 
into beer, wine into vinegar, and fresh milk into sour, &c. To 
these may also be added the process of putrefaction. 

Adhering to this restriction of the term, let us follow in 
imagination the path of investigation which has led to the know- 
ledge that all the above-named phenomena are occasioned solely 
by the activity of minuté living organisms, and constitute a 
manif estation of their vitality ; that fermentation and putrefaction 
are, in short, not purely ckemical molecular transformations, but 
physiological processes. 

Moreover, history shall be our instructor, and lead us on 
further, to the comprehension of those other processes, which, 
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for ih« present, we aMome m stamliiig withoat ihe pale of the 
UiTm ** fermentation,'' bat whích, neretl^leas, ahoaki aetoally be 
inclnded therein. í^oeh procewM are, ráf^ o/úiy the trmnsfor- 
matíon of ammonkí into nitric acíd, occurniig in the soil of oar 
fields ; the decomposition and dÚMolatíon of dead regetable matter; 
the ripening of eheeae ; the formation of bog (iron) ore, Síc &c 

S 2L— Dtoearery of FermentatiTe Qrganisms. 

The orgaaisms takíng part in the proceases of fermentatioa are 
ao minuté thul onlj a ífew can be detected, and that rery im- 
perfeetljT, by the tinasBÍ«ted ejt, The term mierobe, íntroduced 
into the roeabalary of science hj C. Sbdillot (Ly in 1878, 
beiongs to tbem of right Their examination coold not be carried 
on anterioT to the invention of appliances for obeerying minuté 
hodies nnder high powen of magnifícation, and therefore the 
ínrentors of the microecope deserve to be held in grateful re- 
membfance in the domain of fermentation. These were Hans 
and Zachariaa Jananen, father and son, spectacle-grinders, of 
Middelbnrg, in Holland, who, about the year 1590, constmcted 
a eotnbínatíon of lenaes which, although, of course, verj imperfect 
when compared with the instrument of the present day, must be 
fegaffded ax the fírst eomiKraiid microscope mode. 

^^erertheleae, however great this step undoubtedly was, both 
IroM a theorettcal and practical point of view, and however fruitful 
H pnyrtfd ín revolta, seeing that it rendered possible kUer dis- 
co^erie* in the wfjrld of the ** infinitely little," and especially of 
UhA fennent^íve organísms ; still the fact remains that the firgt 
fvmdífítÉf^Ui} ^>)eervation» were made, not with the compound, but 
wvth ihe .ňf»f4e microscope, which then, as now, was little more 
ik»ty 4 iikái^i^iíyíng glass or bi-convex glass lens. 

lh« yp^^ttfmt fň having discovered the presence of extremely 
mK^]t xtvá hftherto undetected organisms in putrescent and fer- 
m^TVťiWiar 3í^íiidí^^ belongs to another native of Holland, by name 
Ám**^f ^áp Lkrcwkjiiiobk. Bom at Delft in 1632, he ac- 
•^fVii*'»*'í •fíVifirftg híáí apprentíceship to a linen oř cloth merchant in 
Am4«tj^i*4vm itk-zme skíII in grindin^ small glass lenses. Of this 
^ifť i^« m^le ífffiher use after his finál return to his native town, 
á»«^ in\k*j*j^rM in |irr^^lucing lenses capable of magnifying from 40 
tkw fi>o, .«r^'l «^en to 150 times. With these he examined various 
^•ftn^tV vI^i^Ia, aná frecjuently, amongst others, all kinds of 
^^^ij^iíaňUU iwfi*w<m» in a statě of decomposition. He discovered 
tftÍ4iYH»vrt' <iyivlř7 efxtřemely small croatures, many of them capable 
«^í m♦^•liVř«i'. "^nkh he th^reíoro mganied as animals, and named 
í^>m oh**Ví« íiuMUfAi íníxmoríik. Ho died in 1723. The modem 

•' l^íi^ ItVxnnw if^ttfmfU tt\ten In braoketa after the names of investigaton 
l«é(^ť M- ťh*% iRšiííM^^pbicar R«řerencef fortnlng an appendix to the tecond 
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world has entitled hira "the father of micrography," úe, that 
science wbich treats of the most minuté forms of life. 

This newly-discovered field of research was at first regarded 
by Leeuwenhoek^s successors from an almost exclusively medical 
standpoint, as it is a natural instinct in man to try and maintain 
health and to prevent disease. At that particular period, too, a 
speciál impetus was given to the study of medicine by the ravages 
of the plague, which only too frequently pursued its destructive 
course throughout Europe. 

On the other hand, the study of the phenomena of fermenta- 
tion derived little oř no benefit from Leeuwenhoek's discovery. 
The first investigator whom we meet with in this domain is the 
Viennese physician, Marcus Antonius Plenciz, who in his work 
^^ Opera medico-phyisica" issued in 1762, applied the results of 
Leeuwenhoek^s discoveries, not only to the field of medicine, 
but also to that of fermentation and putrefaction. In the latter 
connection he arrived at the noteworthy conclusion that " a body 
undergoes putrefaction when the germs of vermicular creatures 
begin to develop and multiply; because these anímals excrete 
nomerous precipitations consisting of volatile salts, by which the 
liquids are rendered turbid and malodorous." 

However alluring a closer acquaintance with these minuté 
creatures may háve been to the investigators who succeeded 
Plenciz, and however usef ul, from a practical point of view, might 
be to observers the processes of decomposition which they induced, 
these questions were nevertheless forced temporarily into the back- 
ground by another, námely, the origin of these minuté organisms. 

How do the minuté creatures so copiously developed in infusiona 
criginate t 

Some opined that these organisms were produced from certain 
unorganised (and therefore inanimate) substances,— chemical com- 
pouuds, — present in the liquid in question, their formation being 
therefore considered as spontaneouB {generatio spontanea), or 
arising from elementary substances (primary generation). Or, 
whilst proceeding from elementary substances, as diflfering there- 
from (heterogeneous), or dissimilar thereto (equivocal) ; hence the 
name Heterogenesis or generatio cequivoca : all of which terms, 
as well as that immediately to }ye noted, háve the samé import 

The party opposed denied, on the other hand, the possibility of 
a transition from a lifeless to a living condition (abiogenesis), and 
asserted that when ''infusoria'' are detected in an infusion, a 
liquid or matter undergoing decomposition, their existence is due 
to living germs present therein. 

Which view is coiTect ? On this point there arose, about the 
middle of the eighteenth century, what formed one of the live- 
liest disputes agitating the domain of natural science at that period, 
and which, after oc<:upying the most eamest attention of several 
successive generations of scientists, only terminated, after nume- 
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rou8 fluctuations, about the middle of the present century. Froiu 
among the numerous investigators who took part in this contro- 
versy, mention can here be made of but few — Ňeedham on the oue 
8ide and Spallanzani on the other being entitled to the first pláce. 

§ 8.— Needham's Demonstration in Favour of 

''Generatio Aquivoca." 

The most energetic champion of the theory of spontaneous 
generation was the English divine, Nbedham (I.). This theory 
was in existence long before his time, and had had renowned 
snpporters — among them the chemist Van Helmont, who pro- 
potfted a method for producing artifícial mice — but until then had 
not progressed beyond the stage of indefinite assertion and un- 
founded hypotheses. The cause of the extraordinary support and 
approval accorded to the assumptions put forward by the English 
divine is, on the other hand, attributable to the novel manner in 
which he arrived at his theory (published in 1745), viz., not by 
untenable hypotheses, but by well-directed experiments. 

He set to work, for example, in the folio wing manner : — An 
aqueous meat extract M-as boiled for a short time in a flask, which 
was then made air-tight and left to stand for several days or 
weeks. When opened at the end of this time, the contents 
proved to be plentifully infested with "infusoria," from which 
Needham concluded that as the " eggs " originally present in the 
liquid were killed by the boiling and the entry of fresh ones 
from the outside was precluded, therefore the living infusoria 
diacovered in the liquid on re-openiiig the flask must háve origi- 
nated spontaneously, not from eggs (germs), but from the lifeless 
constituents of the liquid. 

The great impression produced on his contemporaries by these 
statements can be appreciated by reference, for instance, to 
Bufron'8 work on the ** System of Generation." 

§ 4.— Spallanzani's Experiments. 

Of the two Ijypotheses forming the basis of Needham^s 
deduction, the accuracy of the second, t.e, that relating to the 
exclusion of outside germs, was examined first. Some twenty 
years after tlie appearance of the English theory, the Abbé 
Spallanzani (I.) published a dissertation in which he combated 
the doctrine of spontaneous generation. In this work the Italian 
divine detailed the experiments which had led him to the con- 
clusion that a development of the animalcula; in question, in an 
infusion maintained at boiling-point for three-quarters of an hour, 
was only possible provided air, which had not been previously 
exposed to the influence of íire, had been admitted. This position 
was also maintained by Spallanzani in a second treatise (II.). 
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Nevertheless, the supporters of the spontaneous generation 
theory were stiÚ far from regarding their cause as lost. They 
characterised these experíments as inconclusive, since (so they said) 
'' by the immoderate heat Spallanzani chose to employ, the air in 
the vessel is so unfavourably changed, and rendered so unsuitable 
for the maintenance of life, that it is no occasion for surprise that 
all development was lacking." This objection was curtly rejected 
by Spallanzani, but an experimental conf utation was only arrived 
at much later. The next step in this direction was accomplished 
in 1836 by — 



§ 5.— Franz Schultze*s Experiment. 

In order to avoid under-estimating the value of the very short 
treatise (I.) published by this investigator, regard must be had 
to the influence attained by Chemistry in all branches of natural 
science during 
the sixty years 

that had elapsed fl/^^y' ^^' 

since Spallan- ' ^^ 

zani's demonstra- 
tion, an influence 
which will be 





Fio. z.— Franz Schiiltze'B Experiment. 



elucidated, in so 

far as it refers 

to the theory of 

Fermentation, in 

subsequent sec- 

tions. The idea 

that ordinary air 

actsasaninducer 

of fermentation or putrefaction by reason of its content of living 

germs was fírst called into existence by Schultza 

He described his experiment as follows : " I fílled a glass flask 
half full of distilled water (Fig. i), with which I had mixed various 
animal and vegetable substances, and closed it with a sound cork, 
through which were passed two tight-fitting glass tubes bent to 
elbow joints. I next placed it in a sandbath and applied heat 
until the water boiled briskly, so that all parts were exposed to a 
temperature of 100' C. Whilst the hot water vapour was still 
issuing from the two tubes, I attached to the end of each an 
apparatus employed by chemists, in the course of organic analyses, 
for the absorption of carbon dioxide. That on the left-hand side 
was fílled with concentrated sulphuric acid, the other with a solu- 
tion of potassium hydroxide.'' After cooling the apparatus, air 
was drawn through twice every day during the ensuing two 
months, in such a manner that it had to pass through the sulphuric 
acid before entering the flask. The results confirmed the expecta- 
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tioiiB of the investigator, the contents of tlie flask when opům 
being found íree froiu living organisma, whitli, howeier, boou 
made their appearance when the opcn fiask ivua freely exposed to 
the air. Tliia proved that previous expoaure to the influence of 
fire is not an essential condition for depriving air of the power of 
inducmg íernientation oř putrefaction. 

Three years láteř, Theodor Schwank (U.) entered the field as 
au opponent of the tlieory of spontoneoiia generation. Of his 
labours in this 
direction, a slíght 
modiíicatioa of 
the Schuttze ex- 
iwriment, eousiBt- 
ing chiefly in the 
suljstitution of a 
heaUd metal tube 
for the biilb tubes 
(see Fig. a), occu- 
pies merely a sec- 
oiidary jKisition. 
More imiwttant 
in the attack on 
the theory of the 
apontaneity of the 
pheiiomena of f er- 
mentation wnsthe 
of the fact tbat a resort to iioat is unueceasary 
but that the aaine result 




EipeiiDunt 



i 



establishmcnt by liii 

in the prevention of such deconipositioi 

can he attained by the addition of some toxic substance to the 

liquid : " Fermentatioii is arrested by any influence proved capable 

of kiUing the fungi, eapecially by heat, potassium art^eniate, &c." 

He was, therefore, the fonnder of the adence of antisepticB. Con- 

oerning his fmidamental researches in the narrower Held of alcoholiu 

fermentatioD, mention will be made in a subsequent cbapter. 

The adherents of apontaneous generation applted to Schwann's 
method of purífying the air the samé objection (referred to above) 
whicli they had previoualy lodged agniost Spallanzani. They did 
not even consider theniselves confuted by the results of Schultze's 
experiment, but nsserted that here idao the treatment of the air, 
aithough by no meana so violent, unfavourably moditied ita com- 
positioi). The refutatíoti of this doubt was only accomplished 
after a lapse of seventeen years, and that by 

g 6.— The Labours of Schróder and Dusch (!■}. 

Instigated hy the researches of Loewel, who found tliat ordi- 
nary air couid be deprived of its projierty of iiidueing crystailisa- 
tion in a auperaaturated aolutiou of aodium sulphate by filtration 
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through cotton-wool, the two investigators named above modified, 
in 1853, the arrangement of Schultze's experiment, by allowing 
the incoming air to pasa through a glass tube packed with cotton- 
wool before entering the íiask. It was found that by means of 
this (decidedly not "violent") treatment the air also lost itd 
power of causíng decomposition and the formation of minuté 
organisms in extracts which would rewain unchanged when air 
was excluded. 

The importance of this demonstration must not, however, be 
over-estimated, for it only proves the presence in the air of a 
" something '* capable of giving rise to living creatures in inanimate 
nutrient media, and of exciting substantive changes (fermentation 
and putrefaction) therein. Conceming the nature of this active 
'' something," the experimenters could give no satisfactory account ; 
they even left it an open question whether the something was 
gaseous or not It may be considered that they were unduly 
diffident, since the action of the cottou-wool tilter proves that 
this something must necessaríly be a solid body and not a gas. 
But on the other hand, both investigators could point to experi- 
ments wherein the previously boiled test liquid afterwards under- 
went decomposition, notwithstanding the fact that all the air 
which was allowed access to it had been filtered through cotton- 
wool. Milk they had, in their first treatise, recognised as such a 
liquid, and to this were added, in a second communication by 
ScHRóDER (I.), yolk of egg, meat, and meat broth, in all of which 
cases the filtration of the air proved useless. This led Schroder 
to separate the phenomena of decomposition — characterised as 
fermentation and putrefaction — into two groups : the one, which 
he designated "voluntary decomposition," requiring only oxyj^en 
for its inception, whilst the other, e./;. the fermentation of wort, 
required, in addition, the collaboration of that unknown constituent 
of the air, which could be destroyed by fire or arrested by a cotton- 
wool filter. " Whether this active substance should be regarded 
as germs floating in the air, or as some hitherto unknown chemical 
substance modifíed by high temperature and separated and fixed 
by the iníluence of contact with the cotton íibres, must remain 
undecided." 

Glancing back for a moment at the work of Schul tze, one would 
be only too readily disposed to consider the results of Schroder 
and Dusch's experiment as a retrograde step, since they not only 
did not aíford us any further Information beyond that established 
by Schultze as to the nature of the germs in the air, but also 
called in question the accuracy of Schul tze's results. And, in fact, 
repetitions of the Schultze experiment by many other workers, with 
various modiíications, especially with regard to the kind of test 
liquid employed, confirmed the results of Schroder and Dusch. 
In nuroerous instances decomposition ensued, even in the boiled 
liquid, when puriíied air (filtered or heated to redness) alone was 
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admitted ; whilst in other cases, under precisely similar conditions, 
the boiled sample remained unaltered for any length oí time. 
Thus the statě of the question at the commencement of the sixth 
decade was just about as far advanced as at the beginning of the 
century, and the adherents of the epontaneous generation theory 
were more certain of triumph than ever. 

§ 7. The Examination of this Theory by Pasteur. 

However, the day of refutation was close at hand, though the 
proof was not obtained by the methods which had generally been 
favoured hitherto, but which had led to no definite issue. 

Experimenters had so concentrated their attention on keeping 
the air admitted to the boiled liquid porfectly free from active 
germs, that it had not occurred to any one to ask if the sterilisa- 
tion of the liquid could not be equaíly ensured by simply boiling 
it, either momentarily or continuously for a short time. 

Reasoning from the fact that all known forms of created life 
(animal as well as vegetable) were incapable of resisting the tem- 
perature of boiling water, even when exposed thereto for merely 
a short time, the conclusion was arrived at that the samé effect 
was produced on the small germs in question. It was therefore 
considered, humanly speaking, certain that every liquid could be 
rendered free from active germs by boiling for a short time. This 
was agreed to both by those who accepted and by those who 
rejected the doctrine of spontaneous generation. Still such 
belief was based on a mere assumption, as Ch. Bonnet (I.), a 
contemporary of Spallanzani'8, implied when he inserted the 
folio wing query in his work opposing the theory of spontaneous 
generation : '* ís it, then, certain that there exist no animals or 
eggs capable of supporting a temperature equal to that of hot ashes 
without losing their life or reproductive power ? " 

Pasteur caJled to mind this doubt of Bonneťs when he began 
to subject the theory of spontaneous generation to experimental 
examination in response to the offer made in 1860 by the Paris 
Academy of Science of a prize for " an attempt, by means of suit- 
able experiment, to throw new light on the question of spontaneous 
generation.'' From the report of his researches, which appeared 
early in the year 1862, in the form of a comprehensive treatise (I.), 
well deserving perusal, only the most important result can be re- 
ferred to here: viz., the demonstration of the possibility, by the 
assistance of sufficiently prolonged heating at an adequately high 
temperature, of Bterilisiiig (ť.e. freeing from living germs) any 
substance whatsoever ; and of the fact that a sample so sterílised 
will not subsequently imdergo decomposition, but will remain 
unaltered, so long as care is taken to prevent the access of germs 
from the external air. 

The objection raised by the heterogenists, viz., that decomposi- 
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tion Í8 preveuted by the strong heatíng having rendered the saxnple 
iinsuitable for the production of germs, can be easily disposed of 
by inoculating the liquid with a íew genns ; these will be found 
to develop rapidly and luxuriantly. The substantiality of these 
germs was demonstrated by Pasteur in a very beautiful experiment 
for which he employed a culture vessel similar to that described 
by H. Hoffmann (I.) in 1860, and now generally known by the 
name of Pasteur flask; a glass fiask (fitted with a tubulus at 
the side for facilitating inoculation) the neck of which is drawn 
out small and bent twice like a 8wan's neck. The extemal air is 
obliged, in order to gain access to the contents of the bottle, to 
pass through this neck, and as the direction of movement is 
changed at the fírst bend, all the germs are deposited there. 

Thus was laid the foundation on which the ediíice of Fer- 
mentation Physiology was gradually raised. The possession of 
perfectly sterile culture media, and the power of protecting them 
from the intrusion of unauthorised germs, is a sine quá rum for a 
successful and reliable study of the organisms of fermentation. 

§ 8.— Béchamp's Hicrozyme Theory. 

Pasteuťs investigation and elucidation of the causes of the 
tenacity of life exhibited by many germs thenceforward occupieil 
the eamest attention of mycologists, and íinally led to the ac- 
knowledgment that this power of resistance is possessed by the 
reproductive organs known as sporea The morphology and 
physiology of these organs forms the subject of ^ 48 to 55. At 
present, the only point to be emphasised is that when these life- 
retentive organs are once killed, no spontaneous development of 
germs can occur in the liquid harbouring them ; hence such 
liquid will remain sterile until it is artifícially re-inoculated. 

It might be supposed that the adherents of the doctrine of 
spontaneous generation would háve responded to these demon- 
strations by abandoning their previous attitude of opposition. 
Thie, however, they did not do ; they merely changed the field of 
combat without alteríng their opinion. As they couid no longer 
maintain that organised creatures could be spontaneously derived 
from unorganised substances, they contended that the dead cells 
had the power of liberating organised living matter capable of 
development into the various species. 

In a subsequent paragraph we shall leam that in the cell 
contents of most fungi^ e.g. yeast, small, highly refractive bodies, 
known as microsomatiÁ, may be frequently observed. On applying 
pressure to the cover-glass placed on a preparation containing cells 
that exhibit such enclosures, the membranes are ruptured and the 
microsomes are liberated. If, now, the latter be transferred to 
another nutríent solution, there will most assuredly be a develop- 
ment of organisms, if we omit those precautions which are con- 
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9Í<l<9<(id ftwwBiigiwi hy the iMcteríologist, hat anperíhioiia bj thoM 
who K^h^T« in iipAiitiUieniui j^enemtinn. Such deveiofunent i% 
howrrfT, 4ía«. ncvt c*^ the xnícrnAomefí, but to the genna intzodnced 
diirinif Utři uaiwfer Altíinngh ihis ia do evident^ it ia atacuige 
Umí thU tí«w s^iivUii háve had itis oppooentB, aa, for iIl«twn^Tf^^ ths 
U>Uint/itA H. Kjirsit^n and A. Wigand (L and IL\ and, witfa. atill 
gr(MiU>r peninneícy, A. Béchamp. The laat mentioned linignafaTfii 
the#e mkTfxwHnea ( ** granulationa moiecaiairea ") miímiifM ^ and 
aitríMitea k> them such tenacity of life that they are able to te- 
tiiitiri t\mntíUí% not only for years but even for entire geologual 
|wH(n1ii, mncs, aa Béchamp aaaerta, he haa found microiyniea of 
oolln which were bnried in the útrata formed during the Cretaceooa 

()nri(Nl Hi)) retaining their vitality and reprodnctiYe powK. A 
tlil Munmnt oí thia microzyme theory, which many amateor 
Imcteriologiata háve conaidered to be indiaputable— conunonica- 
tiiinii resjíecting which háve heen inceaaantly íntnuied apon the 
nutico of the Academy of Science at Paris — ia given in a balkj 
vohuiie which Béchast? (L) laid before his sceptical eontemporaries 
in 1883. 

§ 9.— Spontaneous Oeneration only Uiiproren, not 

Impossible. 

Omw rivum řjí ono (everj living creature fiom an egg) ; omne 
wVum ťjc viro (every living creature from living creatures) — waa 
tH^ watohword elevated to a dogma by the triům phant opponenta 
írf Uie tluHiry of spontaneous generation. Were they correct t or 
did úwy ouoroBch heyond the limita of the facts they demonstratedf 
Lťt u« devote a few momente to a critical review of the question. 

One tliiiig i» eRtablij^hed beyond doubt, námely, that all the 
inAtance^ of ř«upi)f>sed sfxmtaneons generation brought forward by 
tliť* adhervuta of the theory háve been vitiated by nunierous errors. 
It i&, nn>rt»over, PsIahIMed that the occurrence of spontaneous 
generation ha» not been proved, no unassailable experiment being 
knct-wn in whioh living creatures were produced from inanimate 
Buln^tance^ Spontaneous generation ia therefore unjnroven. 

Wbether it is also nn imjHtgf*ihility is a point still to be de- 
cidttd. Iř the tho<íry of evolution, as presented by Lamarek and 
I)urwin, ho tracoil towards its origin in the lowest organisms, we 
LMimť to a »t4iniUtill with tho question : **And from whence then 
cnmef; the ultimate and lowest creature? — How did organic life 
wiginate on our globe 1 " 

The reply furnishod by tho English physicist Thomson ^ — that 
our earth waa fertiliaed in its youth by meteors bringing the germs 
of ozganisma from othor heaveniy bodios — aífords no solution, but 
^>«iufen the quostion to another scene and to a more 
od of the past, and at once suggests the further ques- 

t UmCí Kelvin. 
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tion : " How did life originate on these unknown, extra-mundane 
sources of creative messengers ? " There are only two possible 
answers to these questions, viz., spontaneous generation, or a 
miracle. 

As a matter of reason, we are therefore obliged to assume that, 
at some definite moment in the past, organised living beings were 
produced írom unorganised potentially organic substances ; and 
further, that such creative power may still be operating, may 
perhaps be performing at present. The piyssihility cannot be 
gainsaid. 

That bacteria are the result of this primary creation of living 
beings is very questionable and even improbable, since their 
structure is much more complicated than is consistent with their 
presumed origin directly from chemical elemente, unmoditied by 
changes in passing through simpler intermediate organisms. 

Many investigators, and amongst them O. Náobli (I.), assumed 
that these lowest forms really exist, although undiscovered at 
present, and in his important and highly suggestive work on the 
Theoryof Descent — which also contains a fine chapter on "the limite 
of knowledge in natural science" — this author touches upon the 
question under consideration. He calls these presumptive con- 
necting links ProbiSn (pre-existing), on the ground of their being 
the predecessors of all known forms of living beings. Such a 
Probion resulting from spontaneous generation would be " merely 
a drop of homogeneous structureless plasma, devoid of any definite 
form and composed of albuminates, associated only with the com- 
pounds necessary for nu tri tion." 

" We must assume " — says de Bary — " that organisms must at 
one time háve originated from organisable but unorganised sub- 
stances, without progenitors. ... To prove such a primary creation 
of a living being is of the liighest interest, and exercises the samé 
fascination on the investigator as the expectation of the homunculus 
in the phial did on the alchemist. The experience of centuries 
has, however, shown that the homunculus when it actually appeared 
was simply a small imp which had been secretly i)assed into the 
flask by sleight of hand. . . . Therefore — admitting all imaginable 
possibilities — the law, based on experience, of origin from ancestors, 
corresponds with the enlightened statě of our knowledge, and this 
is the starting-point that must be taken in a work which has to 
deal with the exact sciences." 



I 



THE0EIE8 OF FERMENTATION. 

§ 10.— Stahrs Theory of Fermentation. 

'V^''HOEVKlt was the firat to leave the juice of eweet íruit to 
itself in storage for a íew days had the pteasure of observing a 
phenomenon liitherto unknown — tlie incipient decomposition of 
the masa — which we nov-a-ilaya t«rm alcoliolic fermentation. 
This observatioD was made at so earty a dáte tbat we háve uo 
r«cord of it beyond myth and traditíon. The Greeks fěted the 
deity Bacchus aa the inventor of wbie, and the Egyptiana aaoribed 
to Osiria the firat introduction of brewing. 

Acquaiiitance nith the nátuře of this pheaomeaon was, how- 
ever, of an extremely enperfitial character for a very long time. 
Even in tlie láteř JlidUle Agea the word fei-menlatio (fermentation) 
was employed aa aynonymoua with dígeslio (digeation), the latter 
woTd being aleo currently ušed to dcnote any form of chemical 
reaction ; and the word "ferment" was applied to any body 
capable of producing such reaction. 

At an early dáte it would neceaaarily be noticcd that the 
"must" when in a statě of fermentation became covered with a 
froth, and that at the end of this operation a copious deposit, viz., 
yeaat, waa left at the bottom of tho vesaels. Fermentation waa 
therefore looked upon aa a process of pnrlficatíon, by which the 
initially turbid and discoloured liquid waa so improved and freed 
from dirt, that the purified alcohol exhihited its trne ptopetties. 
For thia reason the depoait was described as the fa-ces vint oř 
/acei eerevitúe, i.«. the excrement of the wine oř beer. Thia 
view was held hy, e.g. Basílina Yalentiniis, a German monk and 
alchemiat, wbo lived at Erfurt early in the fifteeiith century. 

It waa alao noticed that thia sediment waa a. powerful ferment, 
i.e. it waa capable of rapidly exciting a brisk fermentation in still 
unfermented liquids, such as wine-must or beer-wort. This idea 
was adopted in other branchea of chemiatry, ao that any reaction 
waa conaidered aa elucidated when the body acting as "ferment" 
therein could be identified. Moreover, the "philoaopher'8 stone," 
the goal of the labours and ospírationa of the alchemists, was 
nothing but the much aought for, but nevěr discovered, univeraal 
" ferment" for every posaible chemical proceas ! 

Aniong the dtsciples of the alchemic achool, one other, viz.. 
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Stáhl (L), deserves mention, because his views on the nature of 
fermentation were adopted by Liebig a hundred and fořty years 
later. Stáhl extended the definition of fermentation to all fonns 
of decomposition, his theory being expressed verbatim as foUows : 
** Putrefaction (and also fennentation) is intemal movement. A 
body undergoing such intemal movement may easily induce the 
samé in any other body, which, though still qoiescent, is sus- 
ceptible of such movement." 

§ 11.— Gay-Lussac's Opinion* 

Stahl's view remained in vogue iintil the commencement of 
the present (iQth) century, when Gray-Lussae, in 1810, enonciated 
a new theory to a new age. The discovery by Lavoisier that 
combustion is a process of oxidation, a combination of oxygen 
with the combustible substance, was an event the influence 
whereof extended over the entire domain of chemistry. The 
assignment to oxygen of a part in the process of fermentation 
was therefore opportune; but Gay-Lussac was especially prompted 
by another circumstance. 

A Parisian confectioner and cook, named Appert, had made 
practical use of the experiment devised by his contemporary 
Spallanzani for the refutation of the heterogenists, and, after 
some preliminary trials, perfected his process for preserving meats, 
vegetables, spirituous liquors, &c To this end he exposed them, 
in hermetically closed vessels, to the temperature of boiling water 
for some time — a process which had somewhat earlier (1782) 
been recommended by the Swedish chemist Scheelb (L) for 
the conservation of vinegar. In this way Appert founded a 
new branch of industry — the manufacture of conserves — which 
brought him both wealth and fame. He published a volume (I.) 
which comprised the results of his experience. It was widely 
circulated and ran into several editions, the first of which appeared 
in 1 8 10, and the fourth in 1831. 

It is therefore little matter for suřpríse that the attention of 
the Parisian chemist was directed (whether from the culinary or 
the literary side) to the productions of his enterprising fellow- 
citizen. Gay-Lussac (I.) now examined conserves prepared accord- 
ing to Apperťs process, and found them to be free from gaseous 
oxygen. This incited him to make fermentation experiments 
with wine-must, &c., the results of which led him to assert that 
the presence of oxygen is necessary to the inception of fermenta- 
tion. A number of over-zealous colleagues, in expounding their 
master*s opinion, added new features to it, and subsequently 
credited him with the assertion that oxygen is the actual ferment— 
a statement as unfounded as it is inaccurate. Gay-Lussac only 
claimed for the gas a single function, the inception of fermenta- 
tion; once the process was in operation the stimulus was no 
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IťMif^ mqeúná. With regard to the nature of this stímnlfttíog 
íkesinfk htt WM^ howerer, unahle to report more definitelj. 

Anktmf^ tbe obaervatioiiB which led Gay-Loanc to adopt this 
ríew; meatvrn maj be made of one which appeared to him parti- 
eníOBtíj <9yiiclGUÍ re, námely, the sleriliěoUion of win^-muMt by mlpkur- 
»fM/. Wben wine^caaluiy before íilling, are thoroughlj aulphiired — 
t^ the iatíftmai aír contaíned in them is heayily chaiged with 
imlphnr díoxitie by buming sulphur in the casks — the grape 
jaice tSMXussdiKt introdacerl remains quiet and passive, withoat 
fěTTúfíOXin^ Tbu circnmstance íb now unanimously aacríbed to 
chu Titaiity of th^ yeaAt cells ín ihe must being destroyed by ihe 
MiiphnrriUft áM^d. Oay-Lufwac, on the other hand, viewing the 
rnsax^^ áilfe:tKnÚj írom hín 8tandpoínt, held the opinion that aa 
tlMí iuilf/hnronii acíd ha^l a strong afhnity for the oxygen, the two 
ejnxúřÁwi, aad i» no oxygen waa available for starting the fermen- 
Utí^XL, tn4t mrktC n^f^Miarily remained inert. 

The c::xp0>íám^íUlA nuuie by »Schwann in 1838, and descríbed in 
^ t;^ rtatn^vi the opinion of Gay-Lussac, by demonstrating that 
nhe r^> r,{ ^xřiún^ í^mnentation is set up by certain microeoopíc 
liritV'jp '•ríwmr*» wbkh fierform their functions in the absence of 
oxygp^n, .^a'rj«^|fjftftt rftWrarch proved that the presence of this 
f^ ÍA iíU^fít\i^ ^rjfj^rflYioiis, so far as the progres<4 of alcoholic 
UiťPMXírjáífíU » tfftí^jumhá^ although it is not without infiuence 
ftheri»r>n. VA3fna:íi i\\,)m 1861 established it as a fact that this 
^rj^ps» i^ tňf/t^. MklíkistnUmly effected when the fertnenting liquid 

ít 12«— €agnÍard'Latour's Vitalistic Theory of 

Fermentation. 

T\tfr Vf^htíh 9í\/f9i\iP'ASirj Amtikh (I. and II.) has generally been 
i:t*:fVíif^\ wífth ir/«rtř*í{ th^ ucxt individua!, after Leeuwenhoeck, who 
í(*r#í hí> fk\f^.Xkúfm \/» th«r fiattire of yeast. An exaniination of his 
f/TiMÍAh'd ^*fí'x^ */i//Wft, how/íVíjr, that his investigations into fer- 
ífit^ifiXum iff^t fJiíAnfi^A without the aid of the microscope, so 
that \i«i díd fiot í/rífjí< t/> líght any actual facts concerning the 
Uiiinrtt (jÍ yt-Hftlf b<jt a^ whh [K^inted out, though in vain, by 
iit:KVK%SK (I ) aA far \w^í as 1838 — liased his assumptions on 
hvfKiihitH^ dřívoíd of foufiHation. 

In thř? Mimft way ařiot)Mrr řVfínchman, viz., Desmazi^res, the 
Híput^íd yuttuif.r of the foun^hírs of the vitalistic theory of femien- 
tatíon, c:arinot ff^^.rmanently n^tfiín this title. Like Astier, he is 
hM U) ha ve r'í':^^fiÍM<fd the part playf;d by yeast in fermentation, 
but, as a referenční to his treatise, publishcd in 1826 (in pages 42 
to 67 of vol. X. of the Ann. d^n Sr. Not.), will show, this assertion 
Í8 incorrect. In these observations Desmaziércs viewed the matter 
aimply as a naturalist. His investigations of the fungoid growths 
covering the surface of moist substrata were conducted from this 
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point of yiew, and it was in the course of this study that he examined 
the raycelia that develop on beer, &c. These consist of masses of 
elongated cells, to which he gave the name Mycodemia cerevisice. 
As he fancied they exhibited powers of locomotion, he considered 
them as belonging to the animal kingdom {animalcula nionadina), 
but, true to his purely descriptive inclinations, he disregarded 
their physiological properties, and especially their influence on the 
substrátům. Thus the reputation attributed to Desmaziěres of 
having, in 1826, microscopically studied the morphology of the 
yeast-like cells, to which Persoon had defínitely alluded four years 
earlier, is dissipated by facts. 

On the other hand, a German worker, viz., Ekxlebbn (L), had 
already, in 181 8, correctly estimated the importance of yeast, in 
that he asserted it to be a living organism, the vital functions of 
which are the cause of fermentation. Unfortunately he did not 
folio w up this idea, which was thrown out as a mere occasional 
remark in his treatise on practical analytical experínients. Other- 
wise he would, in 18 18, háve anticipated what was only accom- 
plished twenty years later, viz., the establishment of the fact that 
(alcoholic) fermentation is causatively connected with the life 
(vita) of certain organisms. This was determined, almost simul- 
taneously, by three investigators working quite independently of 
each other: Cagniard-Latour in France, and Theodor Schwann 
and Friedrich Kútzing in Germany. 

The paths by which these three arrived at their common goal 
differed. The versatile French technicist is known by name to 
the majority of educated people on account of the sirén he in- 
vented, and which is largely ušed in the science of acoustics. He 
also devoted some attention to brewing, and compiled a work on 
the fermentation of beer. The preliminary studies undertaken in 
this connection led him to more dosely investigate the nature of 
the "yeast," of which — notwithstanding the observations of his 
two compatriots already mentioned — practically nothing was then 
known. This materiál he examined with the assistance of the 
microscope, and laid the results of his researches before the 
Parisian Academy on June 12, 1837, in a short páper (II.) con- 
taining the foUowing chief points : — 

1. Beer-yeast, instead of being an inanimate chemical substance, 
as previously supposed, actually consists of small globules which 
possess reproductive power, and are therefore living organisms. 

2. These bodies appear to belong to the vege table kingdom, 
and to reproduce themselves in two ways. 

3. They seem to act upon sugar solution only whilst still 
living; wherefore it may, with great probability, be concluded 
that, by their vital activity, carbon dioxide is liberated, and 
the sugar solution transformed into an alcoholic liquid. 
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I 13«— The Researdiet of Theodor SdtwaniL 



Am ihfs wcfrdu príntod in il*lkf ín iJbe Iwo pneedíng sentenoes 
•how, and au a eUmer examinatíon of the oi^;íiial tieatíae will more 
eUnůflj rerisal, Cagníacd did noc indiibíublj calaMiifa the TegetaUe 
natiire of jreairt Th« aoeompliahiiieiit of thía taak, and tbe attrí- 
botíoD of thú organism to ita proper pfmtkm in the sTstem (^ 
Bfiianjf formed th« aabject of a treatÍBe pablúhed bj Schmass (L) 
in tiw ftnt balf of 1837, úe, eontempotaneofulj with Cagniaiďs 
páper. 

In foUowíng up the resolta of his leaearches on apontaneons 
g^meration, Hchwann iittidi«;d beer-jeact, and fonnd that tbe 
imlírúltial gl/^ínilea, of which the maas waa aeen nnder the micro- 
acripe to conidiit, freqaentlj became oníted into chain-like or 
latérally branchÍDg íianda, and preaented to tbe eje an appearance 
grfsatly reaemblíng tbat of many alreadj well-known malticellalar 
fnngí. It waa not thia díscoverj alone, bowerer, bat ratber their 
tníMÍe of reproduction, which indaced Schwann to consider these 
UmIusm aa of a vegetable nature. In tbis proceaa the giobule 
fitiiibea out from ita ínteríor a small nodole. which Schwann was 
able to oíjderve develop to íta normál dimensiona. " Obeervation 
of ita growth leavea no doubt aa to ita vegetable nature, since 
ariinialN do not ref^roduce tbemselves in tbis manner." Tbe rate 
of rfípr^xluction of tbe globulea kept páce with the increasing 
liríaknena of tbe fermentation, so tbat Schwann came to tbe 
opinion tbat it waa higbly probable tbat tbe development of tbe 
fi^nuentation waa induced by tbat of the organism. 

*' Vínoua fcrmentation must tberefore be regarded as tbe de- 
vjfUi\Hm\iU)n occasíoncd by tbe sugar fungus extracting, from the 
atigar and a nitrogenous body, tbe materials necessary to its 
nutrítíon and growth, whereby such elements of these bodies 
(proliably among otber substances) as are not taken up by the 
plant uráte, by preference, to form alcohol." 

Tliía dÍH<:ovííry was communicated by Schwann to his friend 
and íuÁUtii^Udf Professor Meyen, who tested and confirmed it, 
'Utatíng with reference thereto, that the only doubt arising was 
wUtiiUttr tbe organiftm in question was an alga or a thread fungus, 
tb<? hiUtr Heífming tbe more likely by reason of the absence of 
f^rt^ttn pigifííínt." Tbus yeast was recognised as a fungus, and, 
from iU ctt(»ií;ity of fermenting sugar, was designated sugar 
ftinftti ; wlutWM the currcnt generic name, Saccharomyces Meyen. 

Accí;rding aa Kuch a sugar fungus was found active in beer-wort 
Oř wíne-muMt, it waa called by the specific name of S. cerevisicB or 
S, vlnif which tistnutH remained in generál use in their originál 
it\p;ttíí\mn('M untíl Hkrh (I.) in 1870 proposed a systém of diífer- 
miiAium which will Ix: more fully noticed in a subsequent 
{Mragrapb. 

Am foUowM from tbe renmrks already made, the name ''yeast" 
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applied merely to one particular group of ferments, viz., those 
producing alcoholic fermentation. For a considerable period after 
Cagniarďs discovery, however, ít was ušed indiscriminately for all 
fermenta Thus, for example, Pasteur speaks of the "yeast" of 
lactíc fermentation, meaning thereby Bacteria; and even in 1879 
Nágeli, the investigator of the físsion fungi, refers in his " Theory 
of Fermentation '* to the " yeast " of putrescent urine. This misuse 
of the term has been abandoned, and the name ''yeasť' is now 
only employed when speaking of the budding fungi that excite 
alcoholic fermentation. 

§ 14.— Friedrich Kutzingr^s General Theory of 

Fermentation. 

The views promulgated by this German worker in the field of 
Vegetable Physiology and the AlgSB were in harmony with the 
spirit manifested in the ** Elements of Philosophic Botany." 

Published almost simultaneously with the above-mentioned 
Communications of Cagniard-lAtour and Th. Schwann — though 
actually compiled at a much earlier dáte (before 1834) — Kiitzing^s 
treatise (I.) on this subject surpassed those of his two coUeagues in 
more than one particular. The value of his actual determinations 
is not, in our opinion, lessened by the fact that he was an advocate 
for spontaneous generation, since at that time (in 1837) there existed 
no decisive and unassailable proofs to controvert this theory. 

Kiitzing did not restrict his researches solely to alcoholic fer- 
mentation, but also instituted comparisons with a number of other 
similar phenomena, regarding them all from the samé point of view. 
Even though he must share with others the credit of having 
discovered the organised structure of yeast, that of determining 
the vegetable nature of the " mother of vinegar '* and recognising 
its mode of action belongs to him alone. With these discoveries 
are associated a number of others of minor importance, such, for 
example, as the physiological basis of the method (propounded by 
Scheele) of preparing gallic acid by allowing a solution of pyro- 
gallic acid {e,g, gall-nut extract) to become infested with mould. 
The numerous phenomena he brings under our notice constitute 
so many proofs of the theory that fermentation cannot be regarded 
as a purely chemical process. " It is well known that chemistry 
explains vinous fermentation by the reaction of the so-called gluten 
on the amylum (starch) and sugar. I must fírmly maintain that 
the explanation does not give me a clear idea of the process, nnd 
I am inclined to doubt whether others are more fortunate in this 
respect. It is, however, certain that the entire process of alcoholic 
fermentation is dependent on the formation of yeast, and the acid 
fermentation on the formation of the vinegar plant. . . . Along 
with the increased growth of these organisms the reproductive 
impulse also increases and, concurrently, their reaction on the 

VOU L B 
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liqaid present • . . In so far as fermentation is synonymous with 
a reciprocal reaction of organic and iuorganic bodies on the con- 
stituents of a given liquid which may be regarded as forming 
the nutrient medium of the organic product^ so is it necessaríly 
synonymous with overy organic vital function : wherefore organic 
life s fermentation. On the other hand, such processes as lead 
to the production of vinegar from alcohol by the use of platinum 
black or other similar methods, cannot be compared with fermen- 
tation, being purely chemical, whilst fermentation is an organo- 
chemical process, as is also the life process of any organic body.'' — 
One of the three members of the committee appointed by the 
Academie des Sciences of Paris to report on the memoir presented 
by Cagniard — námely, Tdrpin (I.) — took the opportunity thus 
afforded of experimentally dilating upon his compatrioťs work, 
and of amalgamating these new ^* discoveries " with the revelations 
of Schwann and Kutzing. In this way a volume, containing more 
pages than lAtour s communication had columns, came into exist- 
ence, without, however, adding to our knowledge in the slightest 
degree. Turpin seems, however, to háve thoroughly known his 
public, since he is even now regarded as one of the founders 
of the vitalistic theory of fermentation, not only by compilers 
of text-books, but also by actual investigators, from whom one 
might more reasonably expect a more thorough study of the 
originál works of their predecessors. 

§ 15.— Liebi8r's Decomposition Theory. 

Two years subsequent to the publication of the works of 
Cagniard, Kiitzing, and Schwann, Liebig placed before his col- 
leagues a new theory, according to which fermentation was a purely 
chemical reaction. 

In order to avoid judging this chémist unreasonably, one must 
bear in mind the age wherein this theory was promulgated. 
Synthetic organic chemistry had just been founded. Ele ven 
years previously (1828) Wohler had succeeded in artificially pre- 
paring urea, to the astonishment of his contemporaries, who had 
hitherto considered as impossible the artifícial production of or- 
ganic substances outside the animal or vegetable body of whose 
vital functions they are the outcome. That organic substances 
could not be produced without the concurrence of vital power 
was up till that time an established maxim. To overthrow this 
dogma, and to prove that any desired organic substance can be 
prepared without the assistance of vital action, was the endeavour 
of the majority of the chemists of the age, Liebig being one of the 
foremost, most industrious, and stubbornest workers in the cause. 
It is, therefore, small matter for astonishment that — Cagniard- 
Latour, Kutzing, and Schwann to the contrary, notwithstanding 
'"ould conceive a theory of fermentation wherein the action 
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of living organisms had no pláce and their vital force was 
ignored. 

The struggle against what he considered to be the objectionable 
theory of these three physiologists was opened by Liebig in 1839 
with an anonymous treatise (I.) in which the new observations 
of the micTOscopists were covered with highly amusing satiře. In 
the next year he returned to the charge in eamest in his work on 
" Organic Chemistry in Relation to Agriculture and Physiology," 
on pp. 202-299 o^ which his new theory is enunciated. This is, 
as abeady mentioned, akin to that put forward by Stáhl more 
than a century before. 

Liebig considered all fermentation as molecular movement, 
which a body in a statě of chemical movement, i,e, decomposi- 
tion, transfere to other substances whose elements are not very 
fírmly corabined. Between fermentation (in its limited sense) and 
putrefaction tliere is the following difference : In the latter — 
putrefaction — the decomposition is transmitted by the decompos- 
ing materiál — viz., the albuminoids — so that putrefaction, once 
begun, is continued by inherent movement, even though the 
initial cause has been rendered inactive. With fermentation it 
is otherwise. In this process the body (sugar) in a statě of 
incipient decomposition cannot transmit the movement to the 
still undecomposed substance. Consequently this function has 
to be performed by an extraneous causative agent, a ferment, 
which in this čase is necessary not only for commencing (as with 
putrefaction), but also for continuing the decomposition. 

It must be admitted that, at íirst sight, this deíinitiou, as 
also the differentiation between fermentation and putrefaction, is 
very attractive. Nevertheless it will not bear the light of keen 
criticism. Také, in the ňrst pláce, the character on which the 
distinction between fermentation and putrefaction is based, viz., 
that the former will not go on without the presence of the ferment, 
whereas, on the other hand, putrefaction, when once started, con- 
tinues spontaneously, the ferment being no longer needed. The 
reason why Liebig was induced to make this distinction is easy 
to fathom. In the čase of fermenting beer-wort — which Liebig 
usually had in view when speaking of fermentation — the ferment 
(beer-yeast) was discemible to the naked eye, and experience taught 
that without this ferment the fermentation could not be satis- 
factorily carried on. On the other hand, the presence of those 
minuté organisms which, as we now know, insinuate themselves 
into all substances liable to putrefaction, and decompose the samé 
without^ as a rule, giving rise to such a multiplication of the de- 
posited ferment as can be remarked by the inexpert eye, is not 
80 immediately apparent as in alcoholic fermentation. 

Thus, even in Liebig^s opinion, yeast is essential to the con- 
tinuance of fermentation; only, the ferment is degraded to a 
simple albuminoid substance. To enter now-ardays into a further 
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onslaught against this theory would be merely stormíng an un- 
defended position. Moreover, as the subsequent editions of the 
aforesaid work demonstrate, it was gradually modifíed by íte 
author, so that the form in which it was presented in his latest 
exposition (II.) in 1870 differs in many particulars from the originál 
The ocular demonstration, in individual instances, of the 
untenable nature of the hypotheses supporting this theory, to 
those whom the representations of Latour, Kiitzitig, and Schwann 
had not succeeded in convincing, was the congenial task under- 
taken by Pasteur, and brought by him to a successful issue with 
great experímental skill. 

§ 16.— Pasteuťs Theory of Permentation (III.). 

The victoríous antagonist of the theory of spontaneous gene- 
ration was not content with controverting the views of Liebig, he 
also sought to erect a better theory in its stead. According to 
this doctrine, it is the lack of free oxygen that leads to the fer- 
mentation being set up by the organism as a means of supplying 
itself with the energy it requires by seizing upon the oxygen 
thereby obtainable. " Fernientation is life without air." A very 
slight experience in this matter suflices for the recognition of the 
fact that this theory takés no account of the several kinds of 
fermentatioii in which the presence of oxygen is a necessary con- 
dition, viz., the so-called oxidation fermentations — the best example 
of which is aíforded by the acetic fermentation. In this respect 
the theory cannot be further alluded to in the present chapter, 
which is devoted to generál coiisiderations. It will be fully dealt 
with in a subsequent chapter. The only remark to be made now 
is that this theory also has proved untenable. 

The permanent value of the services rendered to Fermentation 
Physiology by Pasteur are not diminished by the disproval of 
his theory of fermentation, since they háve their root in the 
successful endeavour, by means of careful and extensive experi- 
niental demonstration, to bring into universal recognition the 
theory originated — but only imperfectly formulated — by Cagniard, 
Kiitzing, and Schwann, of the causative connection between fer- 
mentation and the vital activity of the microbe. 

g 17.— C. NA8:elI's Physico-Molecular Theory. 

Although it was by this time indubitably established that 
without the vital activity of micro-organisms no fermentation 
could occur, no clcar account had been given as to hoio the 
activity itself was exerted. Several explanations were possible. 
According to one which was especially advocated by Kiitzing 
and Pasteur, a decomposition was effected within the cells of 
«^ic ferments, which obtained their nourishment from the 
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fermenting materiál (e,g, sugar) and discharged the fermentatiou 
products as waste matter. 

According to another, the decomposing force sixnply emanated 
from the cells and became the direct cause oí the decomposition 
of ihe fermentable matter aroond them. 

The physico-molecular theory, proposed by Nágeu (II. )> ©x- 
presses this view in the following words: ** Fermentation is, 
thereíore, the transference of conditions of movement in the 
molecules, atomic groups, and atoms of the varíous compounds 
constituting the living plasma (which compounds remain chemi- 
cally unchanged) to the fermentative materiál, whereby the 
equilibrium of its molecules is destroyed and their dissociation 
induced." The rádius of the sphere of influence of the individual 
yeast cells is estimated by Nágeli as from 20 to 50 fu 

This defínition differs from that formerly given by Liebíg 
merely in a single, though important, consideration, viz., it regards 
the living cell as the source of action, whereas the other defínition 
speaks of inanimate albuminoid substances. Nágeli was, how- 
ever, unable to prove the correctness of his theory, and the calcula- 
tions, deduced from other observations, which he brought forward 
in support thereof háve in course of time proved inapplicable. 

§ 18.— The Enzymes and H. Traube*s Ferment Theory. 

There is still another possible explanation of the power of 
living cells to act at a distance. This regards the cells, not as 
centres of radiating molecular movements, but as forming centres 
of production of metabolic products which penetrate through the 
cell membráně into the surrounding liquid. There they become 
widely distributed by diffusion, and by their influence bring about 
the decomposition of certain constituents of the solution, but do 
not undergo any chemical change themselves. These active bodies 
are called enzymes, and their behavíour is, as will be observed, 
different from that of ordinary chemical agents, since the latter 
effect alterations in other groups of atoms by their chemical affinity, 
whereby the old combination is broken up, and the separated 
portion enters into a new atomic grouping with a part of the 
active agent Accordingly, a defínite weight of the agent can 
only displace a defínite quantity (known as the "equivalent 
weight ") of other compounds ; whereas the enzymes behave * 
diiferently, their activity being practiccdly illimitable. They do 
not combine with the products of the reaction, but continue to act 
on the residual undecomposed substance. 

The first enzyme was discovered by Paybx and Persoz (I.) 
in 1833, ^^^ detected in malt extract a substance — which they 
termed diastase — capable of converting starch into sugar. They 
were, however, unable to isolate it in a pure condition. Three 
years later Thbodor Sohwann (III.) discovered in gastric juice 
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pepsln, aubaequontly also nameii peptase, wbicii in faintly n 
Solutions lesolved uniiiffusihle albumen into asaimilable diasociation 
products. Síňce that time the samé enzyme has aiso been detected 
in various vegetable otganisma, many varieties of lacteria in par- 
ticulai' having the power of elabomting it There will bo aniple 
opportunity for reference to thia point along with the other known 
enzymes at a subse<juent stage. At present we háve oniy to 
consider them as the btisis of a theory of fermeutation, the foniiu- 
lation of which ilates back na far as 1858, but has come to the 
front more of latě yeare and — so far as can he Judged from the 
data at present avaílalile — will acquire still greater importance. 

As we háve observod in g lo, the meaning attached, under the 
influenoe of alchemical viewH, to the word ferment waa, until the 
cloee of the eighteenth century, very comprehensíve, aud it was 
only theii that the restrictiou of the term tu bodies iricitiug 
fermentation began. ContemiJoraneous with the developmeiit 
of positive knowledge witli regard to these bodiea waa ihe dis- 
covery of the enzymes, the behaviour of which resembled that of 
the former, in so far that they exhibited a capacity of inducíng 
decomposition. Moreover, the obacurity in which these organisms 
were still enshrouded "'as equally myaterious in l>oth cases ; and, 
aince the orgnnic nátuře of tlie true instigators of fermentation 
wae eiCher uuknown ur waa not considered worth att«ntLon by the 
chemists of the day, it happened that the name " fement " wns 
also applied to the newly disiiovered enzymes. With an incnas- 
ing insight into the true statě of the niatter grew the conviction 
that two very difTerent things had been grouped under one name, 
and this conviction fouud expression in the distínction thence- 
forward of the trne inatinatorB of fermentation aa orK&nlsed oř 
stmctiiral fenuents, whilst the enzymes were designated nn- 
organiMd oř structureless ferments. These terms are sLíU 
curreut in chemical texl-booka, whereas in Fermentation 1'hyaio- 
logy it is ciistoniary to speak merely of fermentatÍTe organissu 
on the one hand and of enzymes on the other. 

M. Traube (I. and II.) in 1S58 made the ori};in and influence 
of these enzymes the basis of a new conception (Ferment Theory) 
of fermentation, aecording to which thia process is not in^tigated 
by the organiams themselves, biit by the enzymes formed aa pro- 
ducts of their vilalíty and excreted by thcm. 

Thia theory v/aa accepted by many persons, eg. by Hoppe- 
Seyler, wbo considered it as beíng so itelf^vLdent to chemistá as 
not to require any deraonstrative evidence. Ni^eli, un the otíier 
hand, advocated its rpjection, mainiy for the reason that he waa 
not convinced as to the existence of any fermentative enzymes. 
Numeroua workers háve, however, since investigated thia point, 
with the result that Traube'a opinion haa again found generál 
acceptanee. The investigations of Miquel with regard to nzase, 
i.e. the enzyme excreted by the bacteria of uric fermentation, 
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merit speciál mention in this pláce, because they brought our 
ideas into closer harmony with the íerment tbeory, at least so far 
as regards the ammoniacíd fennentation of urine. Moreover, tbey 
bavě greatly strengtbened tbe position of tbe íerment tbeorists 
by proving tbat tbis urase cannot be placed amongst inorganic 
chemical substances, in tbe ordinary sense of tbe term, but is 
really an intermediate stage between tbese and living protoplasm. 
Miquel goes so far as to say tbat bis urase is actually protoplasm, 
cbiefly differing from tbat of tbe cell contents in tbat it dispenses 
witb tbe protection of tbe cell-wall, and remains and works on 
tbe outside. 

Tbe reader desiring fuUer information on tbe properties of tbe 
enzymes tban can be obtained from tbe present work is referred to 
tbe comprebensive treatise publisbed by £. Bourquslot (I.) in i896, 

§ 19.— General Deflnition of Fermentation. 

We will now pass in review all tbe preceding explanations, 
and attempt to extract from eacb of them wbatever can possibly 
afford US assistance in fíually arriving at a satisfactory definition 
of the term fermentation. In tbe fírst pláce, Liebi^^s explanation 
certainly does not call for furtber consideration in tbis connection. 
In tbe results of the remaining researches we find one factor 
common to all, and tbat is the certainty tbat, for the inception 
and continuance of the process, which — in harmony with the 
limitalion expressed in § i — we háve bitherto eiititled ''fermenta- 
tion," the presence and active collaboration of low types of living 
organisms is a prime easential Concerning tbe nature of the 
influence, whetber direct or indirect, of these organisms, opinions 
are, bowever, divided. 

If, now, tbe instigators of fermentation be examined seriatim 
according to tbe method outlined later on, it will be found tbat 
not only are they vegetable, but also that all belong to the samé 
class, and tbat, too, tbe lowest in the vegetable kingdom, námely, 
tbe fúxigi Tbe power of inciting fermentation is, bowever, re- 
stricted to comparatively few of tbe genera of tbis class. Nevěr- 
tbeless, tbese latter are so intimately connected with tbe otbers, 
from a botanico-morpbological point of view, that it is impossible 
to classify tbe fungi into two sub-groups, characterised by the 
presence or absence of tbis faculty, witbout introducing serious 
systematic anomalies. 

The limitation that can be given to tbe definition of fermenta- 
tion may be tbus expressed : " Fermentation is a decomposition 
effected by tbe vital activity of fungi." Nevertheless, as is evident 
from wbat bas already been intimated, no greater precision can at 
present be imparted to such part of tbis definition as refers to the 
nature or mode of action of the íerment. On tbe other band, 
as will soon be apparent, tbe word " decomposition " must give 
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placu lo B ttirm thiit ia both more accuiate and more compre- ^H 
henaive, ^ 

The phenomena of fenueDtation formiog tlie starting-point 
írom which tlie workers íroni Cagniard to Niigeli begao their 
researches, ajid wliich up to tiie preaent háve been the sole aubjeet 

Iunder oiit coiiaideratinn, ixissess oiie characteristic in conimon, i.e. 
the; are alwaya attended by the degradatiou of complex organic 
compouiids into simpler ones. By regarding tliia characteristic by 
itseif, fcmieDtatiou might be defined as a decomposition o/ organic 
subatancea by the agency of fungi. 
The researches of the past fifteen years (1880-1895) háve, 
however, necessitated cousídviable modilicatioDa of the worda 
italiciaed. The study of the bacterja of the nodules of leguiiunoua 
plants has taught iis that their main function consists in biinging 
about the combinatlon of firee atmo&pheric nitrogea, hence theii 
action is not a decompoaing (analjrtlcal) one, but is sfSthetic oř 
coDstructive, so that in reapect of these organicms oiir deíinition 
wiU háve lo include the word " tranafonnation." Tiie adjectivo 
" organic " may still reniain. since tho microhes in question reqiiire 
organic nutrinienC in addition to the free nitrogcn. 

We shall, however, find ouraelves constrained to reject thia 
latter term when we come to the study of nitrification, and make 
the acquaintancfl of anothei group of microbea able to disj^enae 
with organic nutriment, and indeed thriving and acting most 
eflectively ouly wlieii surraunded by iiiorgaiiic euhstaiícea exclu- 
sively. Conaequently ive arrive at tlie following finul and concluaive 
defiiiition : Fermentation 1b a decompositíon oř transformatlon 
of snbstanceB of various kinds, bronght about bjr the vital 
activity of fiingi. 

§ 20.— The SO'Called Spontaneous Fermentation 
of Sweet Fpuits. 

The point of the preceding definition lies in the concluding 
VTorda, which restrict the term fermentation to such deconipositions 
oř tranaformations os are produced by the vital activity of fuw/i. 
It is, however, not iniposaible for similar decompositiona to ba 
effected in other waya, eapocially by the aid of other vegetable cells 
differing from fungi. An example of such a rcaction, resembliiig 
fermentation but not induced by fungi, ia afforded by the so-called 
spontaneous fermentation of fruit. 

The iirst reliable data with regard to this phenomenon were 
collected by Leohartier and Brllamy (I.) in 1869, all previoiis 
observations baving to be diaregarded because they do not show that 
the activity of yeast-cells was precluded. Statting with the notes 
made in iSai by their comimtriot BÉaARD(I.)i these Freiích in- 
veetigators succeeded in establiabíng the fact that sweet fruits, e.ij. 
oherries, when kept in an nninjured eondition and free from yeast 
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a atmosphere of carbon dioxide, coueume a portion of their sugar 
coiitent, gaseous carbon dioxide being evolved in tlie procega and 
alcúbol formed. The presence of this latt«r substance iii the celis 
of the fruit substance cau bc proved by dÍRtilIation, as inuch as 
one per cent. by weight hftving beon detected in this way. 

Pastkur (IV. and V.) aiso studied this phenomenon, which be 
employed as one of the main buttreBsea of his previously forined 
theory asserting fermentation to be a univeraal phenomenon, not 
depenJent on c«rtain organisnis, but ocťurring in every liviug vego- 
table cell debtured from a supply of oxygen. This spontaneoua 
íermentation appeared to form a etriking proof of the correutneEs 
of this theory, but the hopes iheteby raiaed proved vain, siuce 
PasteuT vras himself the one to discover that alcohol (thoiigh in 
merely niinut« quanlitíes) is also formed in fruits when they are 
expoaed to the air. 

g 21.— Decompositions Effected by LIght and Alp. 

To the chemist— who ia obliged to atore in the dork and in 
properly stoppered receptacles varioua inorganic reagents and 
normál solutions which he desires to maintain in an unaltered 
condition — it will not be surprising to leam that sterile sulutiona 
of organjc substances — such, for example, aa are atored for uee as 
nutrient niedia for bact«ria — alao gradually undergo slight modifi- 
cations when air and light find admittance thereto. The proof 
that these changes are of a purely chemical nátuře liea in the fact 
that they do not occur when the causes indicated are absent. 

In many instances the oxidatioii of tlie mediuu etTected in this 
mauner exerts a favourable iniluence on the development of the 
organism subsequently inoculated therein. Such, for example, is 
the čase wich beeryeaat. In wort through which air has been 
blown (" roused ") for some tinie, the yeaat aown therein develops 
more rapidly, and deposita more quickly and satiafactoríly ("breaks" 
better) at the conclusion of fermentation, a circunistance highiy 
deaired by the brewer. Sunlight poasesses an even greater decom- 
posing power than that of atmospheriť oxygen. On this point we 
are indebted to K Duclaux (I.) and W. Sbbkamp (I.) for ex- 
haustive researches, the former of whom found tliat, in presence 
of air, a aterile eolution of tartaiic acid is splít up by sunlight into 
formic acid, carbon dioxide, and water, accorJing to the equation— 
CiH.O, + 30 = iCHjOj + aCOa + H^a 

In a second communication (11.) on this eubject the samé 
worker showed that glucose and lactose íii a sterile alkalinc solu- 
tion gradually decompose into alcohol and carbon dioxide oii 
exposure to sunlight, even when oxygen ia excliided. The samé 
producte are yielded by tliem when fermentod with yeast. When 
baryta (BaHjO,) or lime (CaHjOj) was subatituted for the alkali, 
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lactic acid was produced instead of alcohoL Under the aame 
treatment maltose yields dextro-lactic acid; levuloee, levo-lactic 
acid; and invert sugar the optically inactive acid. A similar 
observation was made by Wbhmsb (I.) with respect to a steríle 
solution.of oxalic acid. 

These observations are of great interest to the bacteríologist, 
from a theoietical as well as a practical point of view, as they 
convey a speciál warning to protéct his stores of nutrient media 
from the influence of siinlight G. Boux, as ihe result of his 
adverse experiences, had already given the samé warning as to 
the prejudicial iníiuence of the changes produced by sunlight on 
bacterial growth, prior to the more exhaustive research by Duclaux. 

These facts háve a further interest, more nearly connected 
with our definition of fermentation, since they demonstrate the 
occurrence of decomposition processes by purely chemical means, 
apart from the intervention of micro-organisms. We will there- 
fore modify our generál definition of fermentation, and, in pláce of 
stjiting that fermentation is a process accomplishing transforma- 
tions of matter with the aid of micro-organisms onlp^ will reverse 
the phrasing, and say that only such changes as are effected 
exclusively by the vítal action offerments come within the meaning 
of the term fermentation. The point of the definition, as already 
mcntioned at the commencement of the previous paragraph, lies in 
the words italicised. 

However equi valen t the action of purely inorganic force on 
the one hand, and of living organisms on the other may appear, 
it is 80 in regard to quality only, the quantitative effects, the 
amount of substance decomposed in unit time, being widely dif- 
ferent. Regarded from this point of view, the minuté ferments 
appear as ccntres for the accumulation of high-tension energy, by 
the release of which force the decomposition in view can be effected, 
not only i n a shorter time, but also in a more restricted space, than 
is possible by the action of purely chemical forces. 
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THE ORGANISMS OF FERMENTATION. 

§ 22.— The Position of the Organisnis in the 

Botanical System. 

The study of Mycology, or the science of Fungi, can be pur- 
sued from several standpoints. The purely scientific position is 
assumed by the botanist, who accords to each kind just as much 
importance as its morphological and physiological considerations 
warrant. If, however, the standard of interest adopted be that of 
the importance of the part played by the fungi in practical life — 
úe, Applied Uycology — then the number of species to be studied 
is reduced in a very gratifying manner. The degree of attention 
bestowable on those remaiiiing is determined, not by their syste- 
matic position, but by the influence they exert on their environ- 
ment, the nutrient medium. 

If the object subjected to the influence of the fungi is a living 
creature, i.e. an animal or a plant, it is thereby brought into the 
condition universally known as diseased. Fungi endowed with 
this power are designated pathogenic, and their study is entitled 
F&thogenic Mycology, which is subdivided into two branches, 
according to the natural classifícation of the infected organism. In 
the čase of human beings or animals, we háve the study of Medico- 
Fathological Mycology, and in the čase of plants, Phyto-Patho- 
logical Uycology. 

On the other band, inanimate objects, such as milk, M'ort, 
vinegar, manures, leather, indigo, &c., on which the influence of 
the fungi is manifested by syniptoms of decomposition, constitute 
the subject of Tedmical Mycology, which difíers from the patho- 
logical branch in another characteristic, námely, in the nature of 
the influence sufiered by the object Pathological Mycology is 
exclusively concerned with pathogenic, and therefore noxious, 
fungi, and its object is to brin^ about their exciusion and annihila- 
tion. The aim of Technical Mycology is difierent, being to effect, 
by the aid of fungi, useful decompositions and transformations 
which, without the use of such living tools, could only be accom- 
plished incompletely, or in a more roundabout and costly manner. 

It is, therefore, with the influence of the fungi on their en- 
vironment, i.e. the manifestations of their vitality, that technical 
mycology has to do. Hence it is principally the study of the vital 
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fuDctioDs of íerments, and niay therefore be also tenned Fermen- 
tation Physiology. With botanico-physiological considerations it 
Í8 concerned ouly in 80 far as they either aíford assistance in the 
coiiiprehension of the physiology of the organisms, or facilitate 
the diiferentiation of the various species from one another ; and to 
this extent a knowledge of the morphology of the fungi is of essen- 
tial assistance to the technical mycologist in the attainment of his 
objects. Before going more minutely into this matter, it will, 
however, be advisable to háve a generál view of the position occu- 
pied by the fungi in the botanical systém. 

As every reader will be aware, the sub-kingdom Cryptogamia, 
which comprises all non-flowering plants, is divided into three 
chief sections, or seven classes, viz. : — 

I.; r/,a/ZopAyto.-Thallou8 plants, ( ^^*«« '' ^" Wo^DhvT' ^''^''^^ ""^ 
withoutleaves.stemMOOtsJ vIZoa-Aliři 'containinír 

II. Bryophyta, — Mosses, withr 

leaves and stems, devoid 1 „ 3. Hepatina. — Liverworts. 

of true roots and vascular j „ 4. Musei. — Feather mosses. 
bandles. ( 

lil, Pteridophy ta. — VascnlarT „ $. EquUetince, — Horse-tails. 

crjptog^ms, with leaves, 1 „ 6. Lyeopodifws. — Lyco- 
stems, true roots, and vas- j pódium, 

cular bundles. ( „ 7. Pilicina. — Ferns. 

;^To the first of these three main^divisions belong all those plants 
designated Thalloplisrtse on account of the absence of any specia- 
lisation of parts, such as stem, leaves, &c., and from the compara- 
tively simple form (Thallus) of the individual. This section is 
subdivided into the two classes fungi and algse. 

The body oř all the remaining plants, from the mosses upwards, 
shows, on the other band, a diiferentiation of parts into stem and 
leaf, and is generally designated Cormus, all the higher plants 
being therefore generally grouped under the title Cormophytes. 

Of the seven cryptogamic classes, only one, the first and lowest 
(Fungi\ comes under consideration in Fermentation Physiology. 
In accordance with the preceding scheme, these fungi are definable 
as : cryptogamic plants, devoid of chlorophyll, roots, stems, leaves 
or vascular bundles ; or, expressed in a more concise form : the 
fungi are thallous growths devoid of chlorophyll. 

§ 23.— Classiflcation of the Fungi. 

The fungi are arranged, according to the individual mode of 
growth, into two main groups, námely, ScJiizomyceieSy or fission 
fungi, and EumyceteSy or higher fungi. The latter consist in the 
main of thread-like cells, grow by acrogenesis, form true branches, 
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and reproduoe by speciál oigans called spores. Conversely the 
multipíication of the (always nnicellular) físsion fungi is effected 
bj subdivision or fission, whence their name, so that we háve the 
following scheme : — 

ÍSehizomyeete* : (Fission fangi). — Fission. 
Eumyeetei : (Higher fangi). — Acrogenoas« 
Branching. 

No doubt many readers will miss from this classification a third 
sab-gToup, viz., the Myzamycetes^ or mucus fungi. In order to at 
once disúrm any objection on this score, we will here mention that 
the organisms in question háve been shown by recent researches 
to belong, not to the vegetable, but to the aninud kingdom, 
of which they constitute the lowest type of development For 
this reason modem systematology has applied to them the name 
bestowed by De Bary, viz., Mycetozoa, animal fungi, or fungoid 

§ 24.— SchizophytSB. 

As their systematic juxtaposition would lead one to conclude, 
the fungi and algsB exhibit many traits in common, and, in fact, 
the only important character by which they can be differentiated 
is the absence of dilorophyll in the fírst named. 

As will be readily understood, it is especially the lower and 
more simply constructed species of algsB that, apart from the 
characteristic difference just mentioned, approximate dosely to 
the fungL This is particularly the čase with the fission algse or 
DicUomacece, which, with respect to their method of reproduction 
by físsion, bear no slight resemblance to the físsion fungL 

Owing to their greater size, and consequent discernibility, the 
algse formed the subject of investigation at a much earlier dáte 
than the very much smaller físsion fungi, which necessitated the 
employment of more perfect methods of examination, so that, by 
the time the latter began to be studied, the green algse had already 
been systematised. The temptation to include the newly-discovered 
bacteria among the analogous algaB was therefore great, and thus 
it was that the meritorious German algologist Fr. KCtzino (I.) 
was induced to ascribe the acetic acid ferment discovered by him, 
and now known as Bakterium acett, to the algse, under the name 
of Ulvina aceti. 

This inclination to regard físsion fungi and algse as belonging 
to the samé class was also manifested by subsequent workers, and 
the more so since the greater insight gained in the interim spoke 
more conclusively in its favour than was possible in the initial, 
imperfect stage of knowletlge. Hence Ferdinand Cohn (II.) in 
1875 was obliged to discard his own (IV.) term for the bacteria, viz,, 
Sehizosparce, as also that (Schizomycetes) proposed by Nágeli (V.) 
in 1857, and to classify these organisms with the lowest of the 




algie {ífostoc, CUrooeoccm, Meriumapedia, Oiicillaria, tj-c) i 
one group, which, from their common and chorá cteristic [jroperty 
of reproduction bj fisaion, he called Schi^aij/hr/ta (fission plants), 
and set up as an independent di vision. 

S 26.— ABsimilation of Carbon Dioxide without the 
Aid of Chlopophyli. 

The elussifieatory basis for arniiiging the Thallophytee under 
the two groiips ÁlgiB and Fuiiiji, viz., the presenee oř absence of 
chloTophyll, ÍB not of a niorphological, biit of a physiological 
nature, as ita connecliou ia uot ivíth tbe furm, but with the vítal 
activity of the cell. Noiv, it bas been proved by much research 
that chlorophyll plays an imi>ortant part ín the life of green 
planta. The chlorophyll in the cella, aided by sunlight, aplita up 
the carbon dioxide which the plant haa abaorbed from the ekx, 
Tlie oxygen of the CO^ ia exhaled, whilst the carbon ia retained 
anil ntilised in the elaboration of the varions organic substances 
of which the body of the plaiit ia corn])osed. Thia operation ia 
known aa the assimilartion of carbon dioxide. Uutil tecently, 
the opinion was genemUy held that thia process could not go on 
without the asaietance of light and chiorophyll, and aa the fungi 
are, without exception, devoid of tho last-nameil substance, it ha^ 
been laid dowa as a law that the fungi are iiicapable of asaimi- 
lating carbon dioxide and of conatructinj; their cells of inorganic 
aubatances like the algfe do. Tbe researchea of Wint^radsky 
háve, however, shown that there are fiasion fungi capable of aplit- 
ting up carbon dioxide in the dark and without chloro]>hyll, 80 
that the above law has lost its univeraal applicability. Thia 
point will be more completely treated in the cbapter on the 
nitrifying bacteria, 

§ 26. — Saprophytes and Parasites. 

Planta that are unable to obtain their neceasary suppliea of 
materiál by drawing on the reaourcea of inorganic imture exclu- 
eively are termcd parasites. Aa is evident from the etatements 
in the preceding ])aragrapli, all the fungi (with some exceptiona 
to be hereafter mentioned) are therefore to be characterised aa 
paraaites. Incapable of elaborating the highly complex molecule 
of their cell subatance from the elementa or the simplest atomic 
compounda (COj, HjO, NHj, &c.), they depend for their supply 
of nutrient materiál on ready-formed organic substances, which 
they háve then merelv to reanange according to their needs. 

If this semi-prepared nutriment is obtained from a living 
creature (animal oř plant), euch fungi are designated paraaitic; 
but if, on the other hand, they utílise inanimate (oř defunct) 
organic materiál, they are known as Bftprophjrtea 
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The parasites proper may be divided into two groups : strict or 
obligáte iMnudtes, which are restricted to living animals or vege- 
table bodies, and fácnltative iMraaitea, which will abo thrive on 
suitable inanimate substrata, and can therefore be cultivated on 
artifícial nutrient media. 

This latter group forms the connecting link between Patho- 
logical and Technical Mycology. The former science regards these, 
together with the obligáte parasites, as the causes of disease, whilst 
conversely Technical Mycology is interested in the facultative 
parasites on account oí the decompositions they induce in artifícial 
media, ť.e. outside the animal or vegetable economy. This interest 
is, however, purely scientific, since, for hygienic reasons, the use oí 
parasitic ferments for practical technical purposes is precluded. 

The true interest of the technicist in the domain of Mycology 
is exclusively centred in the non-parasitic ferments, and these 
alone form more especially the subject of the present work, the 
fírst volume being devoted to the SchizomyceteSj and the second 
to the Eumycetes, 



DIVISION I. 
SCHIZOMYCETIC FERMENTATION. 

SEOTION I. 
GENERAL MORPKOLOGY AND PHYSIOLOGY OF 

THE SCHIZOMYCETES. 

CHAPTER I. 

FOEM AND DIMENSI0N8. 

§ 27.— Forras of Gpowth. 

The cell foiins of all the ScIiKomyceíeí may be typiHed by a small 
rod ; li^nce these organiams are generally knowu by the name of 
bacleria, from the Greek rendering of thia deacriptive tonu, Oak- 
terion, a rod. 

When the dimenBions of a bacterial cell are equal in all 
directions, it is tcnned a coccns or micrococcus, monas ur cocco- 
bacterittm. On the other hand, wbiri the cel! is not iso-diametrical, 
but exhibita a difference between length and breadth, the name 
bacUlus, oř elongated rod, is applied, provided the leiigth ís at 
least double the breadth; but when the fornier does not attain 
this relativa size, we then speak of bacteria. This latter term 
has therefore a twofold applicatioti : a generál one, in so far os all 
the fiasion fungi are briefly called " bacteria ; " and a. speciál one, 
refemng only to a particnlar form of growth, aa juat mentioned, 

A Iwcterial cell of the bacillua type which, during a certain 
phyBioIogiea! proceas (to be etudied láteř on under the name of 
" spore formation "), swells out like a apindje oř club, is generally 
tenned a clOBtridinin- 

If the rod ia arched like a bow oř bent in the form of a 
comma, it is spoken of aa a Tibrio, and ií the benda be řepeated 
sevoral times, then a wavy kiad of gřowth denoted Bpixocluete 
eiisuea. When the bend depařts from the level plane and shapea 
itaelf in euch a manner that it can be applied to the suříace of a 
cone oř cylinder, the type of growth becomea spirál, and ia 
designated spinllmn. Ad illustřation of these forma ia gíven iu 
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Fig. 3. Accoiding to a remark of £inmerich's, these arcuate forms 
of growth are more espedally abundant in muciferous substances, 
e.g, in the excrement of snails, which is rich in mucin, as also 
among the algsB (already in a statě of decomposition, and therefore 
abounding in vegetable mucus) frequently covering the sides of 
drains and watercoorses. 

£. WsiBEL (I.) has publíshed a series of observations on these 
forms of growth, while fuller information conceming the spiriUa 
frequently to be found in the drainings from manure heaps can be 
obtained from Kut8CHEb's (L) treatise on this subject 
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FlO. 3.— Spiroduet* and Spirilla. Mag. 95a (After P. Baumgarten.) 

i. Spiroduete Obermeieri, the caose of relapsing fever (F^rit reeurrent}. 
a. SirtrocluDta from hmnan dental mucos. 

3. Denecke*! SpirocluDte from patreicent cheeae. 

4. Sirtrochietal form of Koch's Cholera aslatica bacillab. 

5. Spirillom Tolutans, Cohn. 



When the longitudinal development is excessive, then the 
name of tbread bacteria is given to the cells, which are further 
distingoishable into the forms to be noticed later ; Cloflothrij-j 
Streptothrix^ Orenoihrix, and Leptothrix bcing described in Chapter 
xxxiv., and Beggiatoa and Thiothrix in Chapter xxxv. More 
detailed notices of the Diplococcusy Sřreptococcus^ Pediococcmt^ 
StaphyloeoccuSj and Sarcina forms of growth will be found iu 
Chapter iv. 



§ 28.— Dimensions of Bacteria. 

Kotwithstanding our previous sta temen t that the bacteria are 
the smallest of all known living organisms, it can be established 
that the differences (Fig. 4) in their size hitherto observed must 
be characterísed as very considerable. In the smallest kinds the 
dimensions are under i /a, i.e, are less than o. 001 m.m. For 
instance, the diameter of a lactic-acid-producing Cocciis examined 
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by P. Lindner was 0.6-1.0 (t. By way of contrast) mentíon may 
be made of Clostrídium butjfrícum, this bacillus measuring txom 
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Fio. 4.— Illuitrationt of the manifold variety in tize and íorm of different bacterU. 

Ezceift A« and A, all the other iUustrationi are representatlons of equally niagnifled 
bacteria from a single drop of putrescent blood. (After 1*. Baumgarteii.) Mai: 95a 
Those in A are all •ymmctiical cells, tíiose in B are elongated. 

A.— I. Cocci (roicrococcui) of various sizes. 
3. Diploťocci of variuus sizes. 

3. Streptococci of varioiu sizes. 

4. Micrococcus tctragonus (from a pure culture). Mag. 95a 

5. Sarcina ventrfculi. Mag. 700. 

6. StaphylococcL 

B.— I, a, 4. Beparate long rods of various lengths and breadths. 
3. Sliort rods, partlý of biscuit form. 

5. <:hains. coniposcd of either short or long rods. 

6. Lougthreads. 

3 to 10 fi in length, with a breadth of i /x. The giants among the 
bacteria are to be íound in the sub-group of chromogenic bacteria, 
e.g. the gcnera Chroniatium and Ophidoinonas, which háve, there- 
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foie, formed tlie subject of ezhauBtive inveatigatioii with regard 
to the mt«m&l coustruction of the bacteriol celL 

We may bere briefly allude to a fiseioii fungus wbich, aithougb 
unimportant from a practical, technical point of view, forma, 
thanks to its large .BÍze, an especíallj 
favotuable object for the exliibition of 
pioportional dimenBions, spore forma- 
tion, &C., viz., the BaciUua niegafherium, 
found by De Bakt (I.) on cabbage 
leaves. As tbe specific name would 
imply, we háve bere ao organÍBin whicb 
excels in eúe all other fieaion fungi, as 
much as the prehistorie Megaiherium _ „ . 
surpassed his contemporary congeneia. 

Tbis form is further illustratod in r-.íílí^'!:'?,?^ '^•- . ^ 
Fig. 5; the indiTiduals h, r, k, I, will nproducUonbyBHioii. (j/tB- 
be described in Chapter vi. (treating of ^ ^'*> "»«■ *°* 
spore germination), so tbat only nt and b 

need beconsidered at preeent; These are roda a.f/iwide and 10^ 
in length, each of which would easily hold about ninety of the 
previoosly described cocci. 

It will be useful to remembei that the wave-length of light 
(corresponding to the epectml line D) radiating from the sodium 
fláme ie about 0.6 /i, i.e. about equal to the diameter of the above- 
named lactic acid coccus. Bearing this iu mind, the remark 
already made, that the amallest of the bacteňa are almost invieible, 
becomes comprehensible. 



§ 29.— Hutability of Fonn. 

Tbe question as to whether any given species of bacterium 
assumes <mly one of the forms of growth already deecribed, oř has 
the power of appearing in various shapee, ie one of wide int^rest. 
A reliable answer could, however, only be given when the necessary 
appliances for studying the separate species in the form of pure 
enltures, i.e. cultures practised upon on isolated single cell pro- 
tected from subsequent contamioation by otber orgonisms, had 
been invented. This poBsibility waa first acbieved early in the 
"eighties," since wbich time the investigatíon of this question has 
proceeded with energy, and the results háve shown that the theoiy 
of uniformity of growth (monomorphl^m) is untenable for bocteria, 
and must give pláce to the tbeory of multifonnity (pleomorphiBm). 

The remark made in a previous paragraph that the names 
^^illUBi COCCTU, &C., simply indicate certain forms of growth, 
will now fitst become perfectly clear. When, in future pages, 
one or other of the varioua bacteňa is qualified by the generic 
name BaciUus (for instance, Bacilliu urea), it is not meant that tlie 
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said species appears onhj in the íorm of rods. On the contrary, 
it may possibly present itself in the íorm oí cocci, threads, &c., 
and has only received the generic name of Bacillus on account of 
its generally having this form, and especially when the crdture 
ha3 attained the acme of its development. 

This capacity — commonly known as mutability — of assuming 
a variety of shapes is not possessed in an equaď degree by aU 
bacteria, and in a few of them it even appears to be altogether 
lacking. Abundant pleomorphism chieíly prevails in the arthro- 
sporic bacteria, whilst, conversely, the kinds capable of forming 
endogenous spores are mostly endowed with a smaller number 
of mutation forms. This diíference will be reverted to in a sub- 
sequent chapter. 

The inciting cause of mutability is generally extemal, depend- 
ing on the conditions to which the cul ture is subjected. Since 
these can, to a certain extent, be arbitrarily determined and 
controlled, a means is thus at band of exercising a formative 
interference in the existence of these organisms. Among the 
morphological forces thus available, two are particularly powerful, 
viz., the influence of temperature and the composition of the 
nutrient medium. The former has been elucidated by the studies 
of E. Chr. Hansen on the acetic bacteria, which will be exhaus- 
tively discussed in Chapter xxxvii. On the other hand, H. 
Buchner convincingly demonstrated the influence of the mode of 
nutrition on the cell form of the hay bacillus (reported in Chapter 
xvii.). 

A large number of the species of bacteria noticed in the 
foUowing paragraphs are pleomorphic, and there will therefore be 
ample opportunity of becoming acquainted with this phenomenon 
in all its details and varieties. 



§ 80.— Involution Forms. 

The remarks made in the preceding paragraphs with regard to 
the inlluence of the composition of the nutrient medium re- 
quire a not unimportant supplementary explanation. When wo 
arbitrarily bring about an alteration in the form of a cell by 
modifying the conditions of the culture, a suitability of the 
medium to the evolution of the species of bacterium in question 
is presupposed, so tliat the vitality and reproductive power in 
the new form of cell thereby produced is preserved. 

This is, however, no longer the čase in the modifications of 
form which result when the medium is exhausted of nutrient 
materials and consequently enriched with injurious metabolic 
products. These degenerations of the cell háve received from 
Nágeli the name of involution forms. They do not enter into 
the series of ty pes already drawn up (§ 27), and háve no regular 
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outline, but frequently exhibit the most surprísing shapes ; gene- 
rally they are strongly bulged and distended, as can be seen in 
the examples given in Fig. 6. The faculty of forming spores is 
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FlO. 6. — Involutlon Fonns. 

A, of Lactic acid bacterla, (^fler MaMox. 

B, of CloBtrídiam Polrmyxa, oj}^ Praznwwéki, 

C, of Bacterium Zopííi, after Řurth, 

D, of BacillUB BubtUii, and 

E, of BacillUB anthracU, after IJ. Buchner, 

F, of Vlbrio rugula, after Warmii^. 



no longer one of their attríbutes, and they must be regarded as 
a diseased condition preceding dissolution. In the following 
pages frequent occasions will arise of calling attention to similar 
degeneration forms. 



CHAPTER 11. 

STRUCTURE AND CONSTITUTION OF THE 

BACTERIAL CELL. 

§ 81.— Chemical Composition of the Cell Wall. 

Naked cells, t,e, those wherein the protoplosma is unprotected by 
an envelope, are unknown amongst schizomycetes, the body of the 
cell being in all fission fungi shut off from the outer world by a 
membráně or cell walL Little is as yet known regarding its 
chemical composition, but the few investigations that háve been 
made in this direction demonstrate that vre háve to do with a 
structure which not only dififers in diíferent species, but also 
undergoes alteration according to the dietary of the cell. 

The proximate assumption that the cell wall of the fission 
fungi consists of cellulose cannot withstand searching críticism 
except in rare instances. At present only one single species, viz.^ 
the Bacterium xyltnum, examined by O. Lobw and A. J. Brown 
(L), for which this assumption is justified, is known. The cell 
walls of this acetic acid bacterium exhibit, after a suitable purifíca- 
tion, the folio wing chemical composition, ascertained by ultimate 
analysis : — 

Found. Calculated 

for [C.HioO.Jn. 

Carbon 44.26 44*44 

Hjdrogen . . . . : 6.25 6.17 

Oxygen . . . . . 49.49 49.39 

The cell wall of this microbe is stained blue by aqueous or 

alcoholic Solutions of iodine, by iodine and sulphuric acid, and 

with iodo-chloride of zinc. In a work from the pen of Drbyfuss 

(I.), dealing, however, chiefly with higher fungi, and therefore 

preferably to be considered only in the second volume, a few 

species of fission fungi were included in the scope of investigation 

(e.g. a culture of hay bacillus obtained according to Roberte' direc- 

tions). These when tested for cellulose by iodine yielded affirmative 

results. The amount was, however, only very small. According 

to Nencki and Schapper (I.), the cell wall of certain putrefactive 

bacteria contains nitrogen; but they do not give the names of 

the species. 
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§ 82.— Optical Properties of the Cell Wall. 

Yet another means has been employed for obtaíning an insight 
into the chemical nature of the cell membráně of the fission f ungi, 
námely, íts optical behaviour. 

The cell walls of the higher planta are known to be anisotropic 
(doubly refractive), a property also employed by F. v. Hohnel as 
a means of differentiating textile fíbrea If a couple of cotton 
fibres be placed on the stage of a polarising microscope, the Nicol 
prísms of which are crossed, the plane of oscillation of the 
polarised daylight issuing from the lower Nicol undergoes, in 
its passage through the doubly refractive threads, a rotation, iu 
consequence of which the fíbres appear bright and coloured against 
the dark background. If the fibres are themselves coloured or 
dyed, they assume the corresponding complementary colours. 

The attempt to utilise this means in the service of bacteríology 
was successfully made by Amann (I.). Since, under otherwise 
identical conditions, the size of the angle through which the plane 
of polarisation is rotated — and consequently the degree of illumi- 
nation of the field of vision — is proportionate to the thickness 
of the anisotropic object in question, it follows that, by reason 
of the small dimensions of the cells under ezamination in this 
oase, their double refraction cannot be observed when they are 
in a colourless condition. Now the eye is better capable of 
appreciating differences of colour than degrees of brightness, 
and therefore Amann, calculating on this peculiarity, stained his 
\»acteria, assuming that if the membranes were anisotropic and 
doubly refractive, an appearance similar to that mentioned above 
in the čase of cotton fíbres would be produced. The results con- 
firmed his expectations, the stained bacteria {Bacillus tuberculons 
and B. anthracU) exhibiting pleochroism, and being therefore 
doubly refractive. 

§ 88.— ZooglcBa Formation. 

Similar to the behaviour of the cell membráně of higher plants 
is the tendency to swell up manifested by the membráně of many 
of the físsion fungi, the cell wall becoming distendod to such an 
extent, through the absorption of water, that its thickness often 
far exceeds the intemal diameter of the cell. If to such (pre- 
TÍously killed) bacteria be added a solution of an aniline dye, the 
latter will be absorbed by the cell contents, inrhich, when examined 
under the microscope, wUl then be visible, enclosed in a colourless, 
or merely faintly coloured, slightly refractive, and, consequently, 
paler cell- wall. 

Among the pathogenic bacteria the PneumóbacUlus (Fig. 7), 
recognised as the cause of croupous pneumonia, was the fírst in 
which this property was observed — by P. Friedlander (L) in 
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1883. He gave the name of capsule to the mucinous integument, 
a term still remaining in use, especially among medical bacteríolo- 
gists. Consequently we understand by capsule bacillus, one 
wherein the cell wall is found to be in a distended condition 
under nonnal conditionB of vitality. The Bacillua diairypeticus 
easei (Fig. 2 of Plate L), described in a subsequent section, may 
be mentioned as a second example. 

As abeady stated, these mucinous envelopes are not aífected 
by the ordinary method of staining. If, however, they are pre- 
viously treated with a suitablo mordant, the colour wiU be readily 
absorbed and fíxed. Recipes for capsule staining are given by 
Friedlánder, Ribbert, Loeffler, and others. The annexed illustrar 
tion (Fig. 8) is drawn from a preparation stained in this way. It 





Fio. 7.— BacíHus Pneumonin 
crupoMD. 

A and B, elongated rodB ; C, D, E, 
short rods ; G-I, cocci. All the 
cells exhibit highly distended 
merobranes. Magn. about 1500. 
(A/Ur W. Zopf.) 



Fio. 8.— Bacterium Pasteurianum. 

Zoogloea formation in an old film on the 
surface of lager beer. Fixed and 
stained by Looffleťs method. Magn. 
1000. (A/ter Hanten.) 



represents Bacterium Pasteurianum^ an acetic acid bacterium dis- 
covered by Hansen. The chain seen at the left-hand side differs 
from the remaining portions of the figuře. The upper half pre- 
sents no speciál peculiarities, and shows (like the remaining chains) 
three darkened cells held together by the swollen membráně ; 
whereas in the lower moiety the dark parts are wanting, the three 
cells formerly present therein having been accidentaUy crushed 
in making the preparation, so that only the mucinous envelope 
remains behind. In a more dosely investigated čase (not, how- 
ever, with this bacterium) the substance composing the capsule 
was identifíed chemically as related to mncin, or probably identical 
therewith. 

If the gelatinisation of the cell walls proceeds to a little 
greater extent, it causes the individual cells to become joined or 
cemented into a coherent mass, called zoogloBa by Cohn (Y.), the 
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8126 of the agglomeratíons beÍDg greater or smaller according to 
the degree of development. 

In a few species of bactería, colouring matter or ferric oxide is 
stored in the mucinous envelope, further particulars of which will 
be found in Chapter xxxiv. 

§ 84.— Plasmolysis. 

The difficulty of detecting the cell envelope of bactería can be 
removed by immersing the organisms in a solution of salt, which 
exerts a hygroscopic action on the cell contents, in consequence 
whereof they shrink and retreat from the cell wall, whereupon 
the latter is readily recognisable, even in unstained preparations. 

This kind of influence, called Plasmolysis by H. de Vnes, 
was first observed in bacteria by De Bary, in connection with his 
Bacillus megaiheriwn, 

The experiment is simple in perfonnance. An ordinary pre- 
paration of the bacteria under examination is made, a few cotton 
libres being immersed to prevent the escape of the organisnis. 
The salt solution is then allowcd to flow in at the edge of the 
cover-glass, its transfusion being facilitated by absorbing the water 
with blotting-paper held at the opposite side. Provided the 
solution is not excessively concentrated, and that it contains no 
toxic substance, the resulting plasmolysis in no wise destroys the 
vitality of the cells. It can be made to disappear again by wash- 
ing out the hygroscopic reagent. 

The concentration of the cell contents caused by plasmolysis, 
which is also generally accompanied with an increased refractive 
power, leads very often, as Buchnbr (I.) pointed out, to agglomera- 
tions of materiál, which, unless more dosely examined, might 
illusively indicate the presence of endogenous spores. 

In such bacteria as are endowed with the power of locomotion, 
the rate of movement is retarded by increased concentration of 
the plasmolytic solution. WiiADIMIroff (I. and II.) entitled the 
smaUest percentage capable of arresting locomotion the critical 
solution. The values of this for the various salts — on any deter- 
mined species of bacteria — show an unmistakable regularity, the 
chloride of any given metal (K, Na, &c) having tíie weakest, 
and the bromide and sulphate the strongest retarding effect, whilst 
the nitráte occupies an intermediate position. As far as the bases 
are concemed, potassium, sodium, and ammonium rank in the 
order given. E. Overton (L) has published several Communica- 
tions with regard to a number of substances which are unable to 
effect plasmolysis owing to their passing through the plasma as 
rapidly as water. 

The weakest solution of sodium chloride (NaCl) capable of 
effecting plasmolysis is, according to A. Fischer (I.), 0.5-0.75 
per cent. for Cladothríx dicJiotama, and for Crenothrix KúJiniana 
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a 7 5- 1, o per cent These limita are, however, not nnconditionally 
applicable, os the foUowing example will show. A one per cent 
•olation of common salt produced no plasmolysis in ClosMdium 
butyricum when the cultures were only two days old, and the 
oeUs consequently young ; whereas after a further four days they 
were, without exception, completely plasmolysed. It will perhaps 
be usefol to recall that a solation of 0.5 gram of NaCl in 100 
giams of water is usually known as physiologieal salt solntioii, 
and is frequently nsed under the supposition that it neither takés 
up nor gives up water from or to the cells, — an assumption that, 
in yiew of the preceding figures, cannot be universally justifíable. 
If it is desired to render permanent ("fix'') the plasmolytic 
oondition of the cells, they must be killed, a result easily obtained 
by the use of sublimate or iodine solution. Ten per cent lactic 
acid is also an excellent fixing medium, instantaneous in action. 
After fixing, staining can be effected. More detailed Informa- 
tion on the practice of fixing will be found in' a work by 

A. ZlMMEBMANN (L). 

§ 86.— Structure of the Cell Contents. 

This study, which presents no small difficulty on account of 
the minuteness of the organisms to be examined, has been dosely 
followed up during the past seven years only. AJl that was 
previously known was that the cell contents of the bacteria con- 
sisted of a homogeneous invacuolate plasma, in which small, highly 
lostrous granules were frequently seen embedded. 

BCtschli (I.) in 1889 discovered in a few large chromogenic 
bacteria {e,g. Chromatium Ohenii and Ophidomanaa jenen8is\ as 
also in Spirochode serpens and BeggicUoa, that their cell contents 
could, as a rule, be distinguishable into two parts, viz., a centrál 
body and a parietal layer, the latter being adjacent to and sur- 
rounded by the cell walL 

The parietal layer may either surround the centrál body on all 
sides, 80 that the latter nowhere touches the cell wall, or may be 
lestricted to one side only, in which event it is generally, in the 
čase of rod-shaped bacteria, found at the two poles. This differen- 
tíation of the cell contents can be rendered visible (Fig. 9) by 
soitable stains, e.g. hsematoxylin, which is most readily taken up 
by the centrál body, thereby rendering it easily distinguishable 
from the more slightly coloured parietal layer. 

This treatment brings out a second and much more important 
fact: the centrál body appears as a complicated structure, re- 
minding one of that seen in honeycomb. A number of granules 
of red-violet colour — called by Biitschli "red grains" — are stored 
in a reticular framework which is coloured blue by the stain- 
). These granules do not occur in every cell, and no 
more than one. These enclosures are detectable^ even 
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in the unstained preparation, on account of their high lefractive 

power. They — the bodiep, not their enveloping framework — were 

firet observed by V. Babss (I.)i then studied by P. Ebsbt (I. 

and II.], and were regarded as the starting-point of spore fonna- 

tion, being on tbat account deaignated Bporogeiiie KnnnleB; but 

tbia asBumptíon bas, with good reaaon, been conteat«d by lalei 

vorkera. For a more accurate examination we are indebted to 

SoHEWiAKOFF (I.), according to whom each of these email en- 

closures contained in the boneycomb celIs possesses a thin skin, 

the presence of wbich can be convinc- 

ingly demonstiated by pressing the pre- 

paiation nnder a cover-glass, vhereupon 

the akiti bursts, without, however, its 

contents being dispersed. The latter 

can therefoTs only be of a solid and not 

of a fluid nátuře. The cheniical natute 

of the skin ia unknown; it does not 

gÍTe the cellulose reaction. So far as 

the composition of the granular contents 

íb concerned, the last-named investigator 

has identihed tberein by micro-chemical 

means potassium, calcium, and oxalic 

acid, in addition tu the indeterminste 

otganic inatteř. In their behaviour, more 

dosely investigated by Wahbuch (I.), 

towaňis colouríng and solvent reagentš, 

these eaclosures in the centrál body of 

the bacterium resembla thoae granuli 

constituenta of the cell nucletie of highi 

plmts knowD as chronutin KrannleB, a 

account of their high power of absorbing 

colonring matters. On the other hand, 

the reticular mass of the centrál body 

reaemblea in point of atnicture and 

micro-chemical reaction the lignin of the 

nudear framewoik of the cells of higher 

plauts. 

These obaervations led BCrscHu(IL) 
to the opinion tbat the centrál body of bacterin should be regarded 
as the (compantively laige) nndena tbereof, whilst, on the other 
hand, the ahove-nanied parietal layer corresponded to the cytoplasni 
of the cells of higher planta — a conception which has not withstood 
the test of criticism. 

The structure of the parietal layer has not yet been determined 
with certainty. Sundry observationa, however, indícate tbat it 
exhibits a radiál honeycomb appearance. It is in thia layer tbat 
the colouríng matter of the chromogenic bacteria ia lodged, whereaa 
the granulea of sulphur in the sulphur bacteria are located in the 
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centrál body, The individual species of the genus Granulohader 
established by Beyerinck — to which belong the instigators of the 
butyric acid and butyl alcohol, &c., fermentations — under certain 
conditions of culture store up in their interior copious supplies of 
grannlose, owing to which circumstance thoy are stained a deep 
blue by iodine. It should be mentioned that W. Miqula (I.) 
couid not detect any honoycomb structure of the cell plasma 
during his researches into the structure of the Bacillua oxcdaticuB, 
discovered by Zopf . 

It may perhaps be useful, though not exactly necessary, to 
remind the reader of the well-known botanical fact that the living 
plasma strives to prevent the access of colouring matters. In 
this connection, also, the behaviour of the various kinds of íission 
fungi differs. Some of them exhibit merely a slight resistance, 
and absorb colouring matter without their vitality being impaired, 
as Birch-Hirschfeld established with respect to phloxine red in 
the čase of the typhus baciUus. In the majority of instances, 
however, this resistance is so great that the cells must be killed 
before they can be stained. On this account most of the staining 
Solutions employed for bacteriological purposes contain additions 
{e.g, alcohol) destructive to the vitality of the cell, which being 
accomplished, the plasma readily absorbs the colouring matter. 
According to the researches of Drbyfuss (I.), it is not the true 
albuminoid matter, but the nnclein (also a constituent of plasma) 
which íixes the colour. 

Thanks to the care bestowed on the subject by medical 
bacteriologists specially interested therein, the art of staining 
bacteria has reached a high degree of perfection during the last 
fifteen years. Exhaustive directions thereon are to be found in 
HuEPPE^s (I.) handbook and Eisenberg^s (I.) treatise, and Bern- 
HEiM (I.) has issued a very cheap book highly useful for laboratory 
work. In Fermentation Physiology the examination of the bac- 
teria being usually performed on the living, unstained organisms, 
the aid of staining is seldom required; the principál occasions 
being when so-called cover-glass preparations háve to be kept 
for purposes of future microscopical comparison. The preparation 
of such is described in all the books just mentioned. 

§ 86.— Elementary Composition of the Bacterial CelL 

Determinations on this point by micro-chemical analysis were 
first attempted by Kappbs (I.), whose attention was principally 
devoted to Micrococcua prodigiosus, cultures of which were made 
on solid nutrient media, and then, when they had arrived at suffi- 
cient development and had expanded into mass cultures, examined 
for the amount and composition of the dry matter therein. Cul- 
tures of this íission fungus on agar-agar contained on an average : — 
Water 85.5 per cent., and dry matter 14.5 per cent, the latter 
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yielding ethereal extract 0.7 per cent., nitrogon 1.7 per cent., and 
ash 2.0 per cent. Calculated on the dry substance, the foUow- 
ing percentage composition was arrived at for the microbe in 
question : — 

Per Cent 
Ethereal extract (fat, &c.) ... 4.8 

AlbamÍD (N X 6.25) .... 71.2 

Ash 13.5 

Undetermined sabstances . . . 10.5 

An examination made by Nishihura (I.) of a pure culture of 
a water bacillus gave the following as the constitution of the dry 
matter in this microbe : — 

Per Cent. 

Albamin 63.5 

Carbohydrates 12.2 

Alcoholic extract 3.2 

Ethereal extract 5. i 

Ash 1 1.2 

Lecithin 0.68 

Xanthin 0.17 

Guanin 0.14 

Adenin 0.08 

The most noticeable fígures here are those relating to the content 
of nitrogen, which show that, in this respect, the bacteria are 
excelled by but few organisms, while they háve no compeers in 
the vegetable kingdom. To demonstrate this fact more clearly 
the subjoined figures háve been selected, showing the mean nitrogen 
content in the dry substance of : — 

Lean Cow't Sója Ruuian r|v„inA. Hicrococcua 

beef. milk. beaus. wheat ^™™®^ prodlglosuB. 

Nitrogen per cent. 14,3 4.4 6.0 3.5 5-6 11. 4 

The earliest researches on the nitrogenous constituents present 
in bacteria were carried out by Nbncki and Schaffer (L), both 
of whom isolated from putrefactive bacteria a nitrogenous sub- 
stance to which they gave the name of mycoprotein. The highly 
concordant results of a series of ultimate analyses of this substance 
gave the following mean values : — 

C : 52.32 H : 7.55 N : 1475 + S : 25.38 

The percentage ( 1 4. 75 per cent ) of nitrogen found is remarkable, 
and shows that mycoprotein must háve a very different constitution 
to that of ordinary albumin or protein, which, as is well known, 
contains about 16 per cent. of nitrogen. The amount of this 
compound in the dry substance of bacteria is at least 40, and 
sometimes as much as 50 per cent. Diíferences are also apparent 
as regards their behaviour towards reagents, nitric acid, for example, 
converting albumin into a bright yellow compound, named, on the 
proposition of Mulder (I.), xanthoproteic acid, whereas mycoprotein 
does not give this reaction. 
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§ 87.— Quantitative and Qualitative Selective Power. 

The proportions of the constituents present in the available 
nutriment or nutrient medium supplied seldom correspond to the 
roquirements of the organifim which has to make good therefrom 
losses of substance or energy. It will then také from the supply 
the substances of which it has need, and leave the residuum entirely 
untouched, only when the former are present in abundance. Tbis 
faculty, entitled quantitative selective capacity, is possessed by 
all living organisms, and among them bacteria. Kappes, in his 
troatise already reforred to, gives very instructive examples of this 
as well. He compared the composition of the bacterial crop with 
that of the soil (nutrient medium) in which it was grown ; in this 
cxise peptonised meat extract agar-agar. This contained, apart 
from the 1.5 per cent. of agar-agar, which does not come under 
further consideration bere, altogether 2.5 per cent. of actual 
nutrient materials, and yielded 0.3 per cent of dry bacterial sub- 
stance ; that is to say, only 12 per cent. of the total nutriment was 
extracted. The relative proportions of the individual constituents 
in the medium on the one band and in the crop on the other 
proved very different. Thus, for instance, the ratio of CaO : MgO 
was in the medium 0.70 : 0.44; in the crop, 0.56 : 1.05. Of 
nitrogenous substances (N x 6.25) the former contained 42.5 per 
cent. calculated on the dry substance, and the latter 71.2 per cent., 
and so on. 

The requirements of bacteria in respect of ash constituents 
were first investigated by Nágbli (rV.)» ^^ ^^79* Sprengel (L) was 
adniittedly the fírst to demonstrate that higher plants (Pkanero- 
gamia) absolutely require for the construction of their cells a 
number of minerál substances, viz., KjO, CaO, MgO, FeaOg, P2O5, 
SO3, all of which must be present, and in sufficient quantity, before 
the phanerogamic plant can thrive. With the Crijptogamia the 
čase is, however, different. According to Nágeli, the fission fungi 
(tested by him in this connection) are less exacting, since potassium 
can be replaced by rubidium or csesium without detriment, so far 
as the fungi are concemed, though not by the alkaline earths. 

Of the latter it is sufficient when one of the following, CaO, 
BaO, SrO, MgO, is present ; iron can be dispensed with. It follows 
therefrom that not only quantitative but also qualitative powers 
of selection are possessed by bacteria. An authoritative confírma- 
tion of Nágeli^s discovery is highly desirable, and would prove a 
very thankworthy task if conjoined with observations on the 
formative influence of the individual ash constituents. A typical 
example of this kind of study, alike instructive, stimulating, and 
worthy of imitation, has been made by Winogradsky on a film 
yeast, and will be referred to in the second volume. A preliminary 
step in this direction was taken by A. K. Fedorolf (I.) in 1895, 
who, in continuing an investigation commenced by Gamaleja, 



POWER OF SELECTION. 47 

íound that while lithium chloride caused abnonnal cell forms 
in BcícUliís megatheriumy B. typhi abdomtnalis, Vihrio cholerce 
(uiaticcBf and Baeterium coli annmvne, it had no apparent influ- 
ence on the cells of Bacillus subtilis, B, anthracis^ and other 
microbes. 

The quantitative selective power referred to above must not be 
nnderstood in the senso that the organisms inhabiting the nutrient 
medium always háve the samé composition, irrespective of the 
relativa proportions of its nutrient constituenta. E. Cramer (I.) 
studied thís matter exhaustively in relation to several patho- 
genie bacteria and Micrococcus prodigiosus, and arrived at the 
conclusion that a typical composition of any species is out of the 
question. According to the kind of medium, the temperature and 
age of the culture, and other conditions, it may bappen that one 
crop will contain twice as much of a particular constituent as 
another crop. Thus, for example, the amount of dry matter 
varied from 15.9 to 26.0 per cent, and of ash from 1.60 to 3.21 
per cent. 



CHAPTER III. 

POWER OF INDEPENDENT MOVEMENT IN BACTERIA. 

§ 88.— Holecular Hovement and Locomotlon. 

LiKE his predecessors, Chr. Ehrenborg considered the bacteria as 
animalculse, and that, chiefly, because ín not a few of them he 
discemed active locomotive powers. For the samé reason Pasteur 
was inclined in 1861 to regard his "vibrion butyrique" as an 
infusorial animalcule. In opposition to this was established the 
fact that the faculty of yoluntary movement is not peculiar to the 
bacteria, but is also possessed by many motile spores belonging to 
the algse ; that is to say, by organisms nnanimonsly admitted to 
be of vegetable nátuře. 

This motile power will now be more closoly considered, both 
as regards its nature and causes. 

The movement known as the Brownian or molecnlar move- 
ment — which can frequently be observed in small particles held 
in suspension in liquids, whereby each particle describes a small 
orbit (sometimes rectilinear, sometimes circular or oval) outside 
its horizontál axis of rotation — is not included in this considera- 
tion. The cause of this Brownian movement has not yet been 
examined with sufficient accuracy ; but it is a purely physical one 
and in no wise physiological, since it is manifested not only by 
living cocci, but also, as already stated, by emulsioiis of many 
inanimate substances both of inorganic and organic nátuře. Ali- 
Cohen, in his treatise referred to below, describes a very useful 
means by which one can decide in doubtful cases whether the 
movement is independent or merely molecular. According to 
the researches of Exner, the latter diminishes in briskncss as the 
viscosity of the circumambient liquid increases. If thcn a little 
of the doubtful saniple bo mixed with a lukewarm liquefied 5 per 
cent. solution of gelatin, both locomotive and molecular movement 
will at the outset remain unaífected, but in proportion as the 
surrounding medium cools and becomes more viscous, the latter 
movement will diminisb, and finally cease altogether, whilst the 
voluntary and independent movement will continue. 

By long-continued practice and observation the faculty will 

be gradually acquired of distinguishing, without such aid, the so- 

called molecular from the true voluntary bacterial movement, 

^hich we will now describe. This movement is of two kinds, 

48 
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the first of which is occasioned by alternate contraction and re- 
expansion of the plasma canal. This kind of movement occurs in 
the čase of such thread bacteria as attach themselves to a support 
by one of their poles, and then swing with a pendulous motion 
from this point of suspension, either remaining in the samé plane 
the while or describing a cone. 

§ 89.— The Flagella or Cilia. 

Much more frequent is the second or roving movement, 
noticeable in free unattached bacteria, and produced by speciál 
locomotive organs termed flagella or dlia. These were first 
noticed by Ehrenberg (I.), in 1836, in a spirillum which he 
discovered in a brook near Jena, and named Ophidomonas 
jenensís. Closer attention was first bestowed on these organs by 
CoHN (I). . 

Van Tibqhbm (I.) was of opinion that these locomotive organs 
were pecidiar to bacilli ; but similar locomotive powers were at a 
later dáte observed in the cocci, such as the Micrococcas tetra- 
genu8 mohilis ventriculi, discovered by Mendozá (I.) in 1887 ; the 
Micrococcua agilis, found by Ali-Cohen (I.) in 1889; * coccus 
(unspecifíed) studied by Lobffler (II.) in 1890 ; later, the 
Microeoccus agilis citreua of Menge (I.) ; and fínally, the Sarcina 
mobilu of Maurea (L). 

The position of these organs in the bacilli is either polar or 
lateral. The polar flagella are either single — as, e.g, in Cliromatium 
— or in tufts, the latter consisting, in the čase of Baderium termoy 
of three or four, and in various spirilla of eight to twelve, cilia. 
In Spirillum nndala they are often plaited into the form of a 
quetíe, The lateral cilia are, as was found by A. Fischer (IL ), 
evenly distributed over the entire surface of the bacterial cell, 
their number being given by Loeffler as twelve in the čase of the 
typhus bacillus. 

Starting with the assumption that the number of the cilia 
and their distributive arrangement on the cell are constant for 
each kind, A. Messea (I.) endeavoured to make this character 
the basis of a classification of the bacteria. L. Luksch (I.) pro- 
posed the samé method for readily differentiating Baderium coli 
commune from Bacillus typhi ahdominalis, which is very im- 
portant in the bacteriological examination of water. He found 
the former microbes to be provided with at most three cilia apiece, 
whereas the bacillus had from eight to twelve. Subsequently, 
however, it was ascertained by Ferrier (I.) that the numbor, 
form, and length of the cilia depend on the conditions of the 
culture. From the bacterium in question cultures can be ob- 
tained the individual cells of which exhibit as many as ten cilia ; 
by this determination, therefore, the systém of Messea, as also 
the hopes of Luksch, were deprived of support, Moreover, 
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PLATE I. 

DESCBIPTION OF THE DRAWINGS. 
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Messea had been forestalled, as in 1864 Davaine (I.) proposed 
to separate the fission fungi into two groups ; the one, forming 
his genus Bactertdium, comprised all the species in which he 
could not detect independent movement under any circumstances ; 
whilst the others, his genus Bacteinum, included all the motile 
species. In J. Schroeteťs work (published in 1870) on pigment 
bacteria, of which a notice is given in a subsequent section, this 
method of classifícation was adopted, but later workers háve 
abandoned it, and the term Bacteridium is now perfectly ob- 
solete. 

When a bi-polar ciliated bacillus divides in two in the act of 
reproduction, the new-formed poles are, naturally, without such 
locomotive organs at the outset, but they quickly develop, and 
thenceforward each of the two cells is ciliated at both poles. 
That these organs are extremely minuté need not be emphasised. 
Frequently they are undetectible by the ordinary means of observa- 
tion, even with objectives of the highest power and clearest 
defínition, since it is difhcult to see the cilia, not only because 
of their extréme niinuteness, but also because their refractive 
power is almost the samé as that of the liquid in which they are 
immersed. In order to make them more readily recognisable, use 
is made of the speciál methods of staining devised by Lokffler 
(L). Some directions relative to these will Ije found in Unna*8 (I.) 
historio-critical review of the developraent of bacterium-staining, 
drawn up in 1888, and continued by L. Hbim (I.) up to the year 
1 89 1. Plate I. shows four photographs of motile bacteria taken 
by Loeffler from preparations stained in this way. 

§ 40 — Histology of the Cilia. 

This subject has hitherto received little attention. Van 
Tieghem considered the cília to be gelatinous elongations of the 
cell envelope, and their movement as merely passive, the loco- 
motive power being ascribable to contractions of the plasma in the 
cell. He found that the cilia of ClostHdium hutyricum gave the 
cellulose reaction with ammoniacal copper oxide. Zopf, on the 
other hand, explained these organs as contractile plasma-threads, 
which could be alternately protruded from, and withdrawn into, 
the centrál cell mass through apertures in the cell integument, 
which apertures, however, háve hitherto been unobserved. 

This assumption was combated by A. Fischer, who found that 
when motile bacteria were subjected to plasmolysis, and the cell 
contents therefore caused to contract, the cilia were not drawn in, 
as should be the čase if they were continuations of the plasma 
(pseudopodia). For arresting the movement of the bacteria exa- 
mined by him, the strength of the solution of salt had to be 
higher than the minimum capable of producing plasmolysia 
Fischeťs observations favour the yiew that the cilia are append- 
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ages of the cell, consisting of a membráně enveloping the proto- 
plasmic contentš, which Imve an immediate connection with the 
substance of the bacterial cell. 

Adverse influences stop the movement, and the cilia become 
motionless and torpid. According to the cause, this condition is 
said to be one of torpidity through cold, heat, darkness, light, 
hunger, desiccation, or poison. Bearing this in mind, it must not 
be concluded that any species of bacteria which may not exhibit 
movement under ordinary microscopic examination is therefore 
necessarily non-motile ; but it should be further examined under 
various conditions, and, in extréme cases, tested for the presence 
of cilia by staining, since it may be in the torpid condition. 



§ 41.— Chemotaxis. 

The extended researches of Enoblhann (II. and III.) teach us 
that certain roving bacteria (ť.e. those endowed with spontaneous 
movement), and, in particular, various putrefactive bacteria, háve 

a great need for 
a B C n -pj r f oxygen, while other 

species do not require 
it If a drop of liquid 
containing a mixture 
of these two kinds 
be brought under the 
microscope, it will 
quickly be seen that 
the one species has- 
tens to the edges of 
the cover-glass, where 
oxygen penetrates by 
diffusíon and is most 
abundant, whilst the 
individuals of the 
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•pectrum llnet are gíven to denote the positlon ^- . j.i. 

•pectrum. Magn. 200. {.AfXer Engelmann.) lect at the centre, 

where the (to them) 

unwelcome or obnoxious gas does not penetrate. Repeating 

Engelmann'8 experiment, by inserting a thread of green (i.e, 

oxygen-excreting) alga in the drop, and directing a small solar 

spectrum thereon, then the oxygen-loving bacteria will be seen 

ooUected around these alga threads, and surrounding thosc spots in 

licro-spectrum (Fig. lo) where the maximum evolution of 

^M taking pláce ; that is to say, between the spectrum lineš 

in the red, and also at F. Oxygen, therefore, exerts an 

re and stimulating action on many bacteria, and may thus 

^oyed as an isolating and separating agent therefor. Con- 
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Terselj, motile bacteria may alao be emplojed aa a delicate reagent 
for oxygen. BsTEniscK (L), to whom we are indebted for a very 
useful treatise on this queetion, examíned more dosely the methods 
of topcgraphicBl arrangement adopted in liquid media by various 
motile bactena under the influence of oxygen, which arrangement 
he calted nspliatlon flgnreB. 8ome of theee are shown in Fig. 11. 
From the researches of Stáhl and De Bary, and especially 
tliose of W. PpBFFER (I.), VB leam that not only oxygen, but 
also various other subetanceB, are capable of attracting or repelling 
bacteria and other micro-orgenisma, a faculty to which the name 
of positive oř negative chemotaxla has been given. Use is made 
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repřodaced. A nnal] ptAtlnun] wlre (not ihavn In the 

rcprewnted by tJie tnp oř the dimwlng, between Uie coiei-u , 

irěilge-ihiped ipww, nhlťh ti occupled by th« drop of water, tha bu< ot which 11« in 

The thro* Sgnnu repreaent :— 

I. KapIntlDD figon of the unblo typL His roTlng Indlrlduali collect iD 1^ 
ointnated bonler lone (a), whilit ths qalescent oan (r) remula ia the Inteiior, leaTlni 
* Txcsat apu« <J) betwsen tbe tvo. 

n. SespIntloD figuře of tha apirilliuB tjp*. These orKBníami requlre and tolerftt« 
odIt tnee* of oiKm- Thej therefore conect, not U (ha drcumference of tbe drop. bnt 
■t ■ UtUe dliUDca tbarefn>m (ip), where the lanilon of ttae penetnUng gu la lower. 

m. Beapintlon figuře ol tJie uumbie (iiii-diiiiuiing) type. The» mlgrmle to the 
centra (an) ol Uia dn>p, u belug the pUce ol loveit otfgen contauL . 

of this property in order to capture the motile species in a 
bacterial roixtnre by introducing therein a capilkry tube filled 
with a solution of a substance which exerts an attractive influence 
on one or other of the motile species. 

Among the inorganic compounda the satts of potasaium háve 
the greateat power of attraction, and are therefore most frequently 
employed for this purpoee. Of the organic compounds, asparagin 
ta particularly eřfective. The sap oř juice of raw potatoes con- 
taina both these lures, and is therefore híghly elficacious. More 
particnlar information on this method of isolation is given by 
Ali-Cohxn (II.). 

The altňctÍTe power of such agenta is not limited to motile 
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bacteria alone, but also extends to higber sessile fUDgi. If 8ucb 
an atíracting agent be brougbt sufřiciently near to a culture of tbe 
latter descríption, tbe growtb and extension of tbe cell threads 
on tbat side of tbe culture will sbow marked exuberance. Tbis 
attempt on tbe part of sessile fungi to turn towards a point of 
cbemical attraction is entitled Ohemotropiam. Its cause is iden- 
tical witb tbat of OhemotaziB ; tbe difference in tbe effect being 
due to tbe difference of tbe object influenced. It may be men- 
tioned tbat Mitoshi (I.) bas performed exbaustive experiments of 
tbis kind. 



CHAPTER IV. 

VEGETATIVE REPRODUCTION BY FISSION. 

§ 42.— Division in One Direction. 

In order to reproduce by físsion in one direction, the cell becomes 
elongated, and a partition (septum) is developed in the interior 
of the cell at ríght angles to the length. This septum then 
divides into two lamellee, thus effecting the separation of the 
daughter-cell from the mother-cell. If the organism is living 
under conditions favourable to its vitality, each of these cells will 
soon undergo a similar process of division. In many instances 
the new-formed cells of the second, thírd, fourth, &c., generations 
do not become entirely detached, but remain connected one with 
another; and if — as is most often the čase — the division takés 
pláce continuously in the samé direction, chains of cells are 
fonned. When the members composing the chain consist of 
cocci, the físsion fungus is frequently designated a streptococcnB, 
instead of merely coccus. Hallier and Itzigsohn proposed to 
apply the term Mycothrix to these rosaries of coccL When the 
members are united chiefly or exclusively in iMdrs, the organism 
is termed diplococctis ; and such of the cocci as incline to group 
themselves in grape-like agglomerations are frequently designated, 
in medico-bacteriological literatuře, by the name BtaphylococciiB, 
first bestowed on them by Ogston (I.) in i88a 

If the members of a chain are not iso-diametric cocci, but rods, 
they are mostly termed thread (fílamentous) cells, of which the 
hay bacillus affords an excellent example. 

In an iso-diametric cell, the separation of the new cells — and 
therefore the preliminary expansion of the mother-cell — may occur 
in one of two directions: either length wise or crosswise, the 
former čase — wherein the position of the dividing septum is 
traiuvene, i.e, perpendicular to the longitudinal direction — being 
the most usuaL On the other hand, only a few examples of the 
second or longitudinal sei>aration are as yet known. One of 
them is afforded by the BacilliM tumescens, discovered by Zopf (I.), 
which will nearly always be found infesting slices of boiled carrot, 
when the latter are left to themselves for some time in a not 
too damp condition. According to the conditions of vitality pre- 
vailing, this microbe develops either chains of long cdls formed 
by transverse físsion, or cell bands the members of which are 
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shori and joined broadside on, the attached sídes meaauring 2,1 n 
each, wfaereaa the length of eacli ia only 1.3 ji. Tliis microbc, 
therefore, exhibits both Btylea oí tission, Un the other liand, 
loiiyitudinal Jimon alone is manifested in a fission fungua dis- 
covered by Mktbchsikoff (I.), and named Paateurta ramosa, 
irhich growa in the ventro! cavit}" tif certain water-fleaa (Daphnia 
pulex and D. magná), where it produt 
a fntal diseafe. In these microbes the n 
septum is always longitudinaL 

In the eeparation proccsa now under 
coQsidemtion, wherein t)ie diviaion of the 
mother-eell and the casting off of the 
daughter-cell také pláce in one direction 
Oldy, the number of mother- and daughter- 
cells Í9 always equal ; the toial nwnher (e) 
of cells obtaiiied from the initial cell (n) at 
the eiid of the n"' reproductíon being : — 

a Ulil &, fliilDs ot ihnrt 

í^.)'Miigíi!!íí'^''' A much greater rate of increase is 

attained in a given time when the aub- 

divisiou Í9 eliected in several directions eimuUaneomly. Examples 

are known of botb possible eventř, viz., separation in hco, and 

Beparation in three ditections at right angles to one another. 



§ 43.— Divislon in Two Directions. 

lu thia cose the csl] contents subdivíile into four parts by tbe 
formation of two septa inlersecting each otber at right angles, and 
each splitting into two lamellíe, whereupon the mother-eell be- 
comos four daugbter-cells. The latter again undergo subdiviaion, 
whereby 4 x 4 = 16 cella are fonned, At the end of n sub- 
divisíons, the total number of cells from a individuals will be — 




In tliis čase, where the separation goea ou continuously in two 
dírecliona pcrpendicular to one another, and eo alwaya in the aame 
plane, there resulta— provided the gradualiy extending cells retaiii 
theír connection — a mosaic-like strattGed plate which has been 
namcd Merigmopedínm (divided plate). A coccus exhibiting tbia 
method of rojiroduction ia known aa a pediococcos. To thia group 
beiongs tbe lactic-acid-producing Pediococcitt actdi lactici discoYered 
by Paul Lindner. 




DIVISION IN THREE DIRECTIONS. 



g 44.— Divislon in Three Dli-ectlons. 

Cocci, wherein the reproduction of the cell ís effected by 
division in all the three directions of space, are designated 
Sarólui. In this čase the contenta of the muther-cell divide 
iuto eight equal parts by tho formation of three fiat septa, per- 
pendicular to cach other, which aiibsequently split up into two 
layers, wheieby eoch of the eight daughter-cclls is surrounded on 
all sides with cell-merabrane. 

When these, as they generally do, remain altaehed togetlier, 
their appeaiance resembles a corded 
bole of goods, oř a cubical packet. ^g. 
SeeFig. 13. J^ 

In the course of reproduction an e 

initial number of cells lepresented by 
a will íncrease by n processes of divi- QO 
sion to a total of — * 

í = 8-a = 2^a. e 

The Sarcina maxima, freqiiently 
met with in malt masheB, may be Fio. -3.-s»cta.™iricnU. 

Citod as an example of this form of From the tontenu of » (tlj«Med 
,, , '^ , . , -c ílnmich, n. IndlrWml cell; 

growth. A comprehensive claseinca- b. thu ume diiided in oae 

tion and accurate characterisation of dMdEd"in"^rBe''dř™tIówr 

oU known species of the geniis Sarcina d. pacuet miony ot cb1i«. 

has been given by Tu. Grciuer (L). 

Subdivision in more than one direction, and therefore the 
formation of sheet-like oř packet-shaped aggregations of daughter- 
cells, has hitherto been observed solely among iso-diametríc and a 
few thread bocteňa. The first group (of coccus form) is consti- 
tuted by Sarcina. The behaviour, in this connection, of the 
second group (e.g. Crenothrix) will be subsequently diacussed. 



§ 45.— Fopm of the Daughter-Cells. 

Cocci, when observed immediately after their production by 
subdivision, exhibit a more oř less angular outhne, since the 
BOrface of separation between the mothei- and daughter-cell is 
flat, appeariug to the eye as a straight line. This shape, how- 
erer, very soon undergoes alteration, the cell-membrane being 
causéd to bulge outward by the pressure of the plasma, whereby 
the plane suifaces are rounded and the cell assumes tbe customary 
appearance of the non-facetted coccus. By the eame cause the 
initially plane circular outline of the smaller side of a cylindrical 
baciUas, newly formed by fisaion, becomea dome-shaped. 
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§ 46.— Division of the Nueleus. 

As is known, the division of the nucleus can be effected, in 
the higher plants as well as in animals, in two ways. The simpler 
of these, generally known as segmentation, or as direct or aďni- 
totic division of the nncleos, occura, in the higher plants, only in 
such cells as háve ceased to subdivide, and whose multiplication 
has therefore ceased. The nucleus elongates, becomes constrícted 
at an intermediate point, and íinally falls apart in two halves. 
More complicated, however, is the other process known as in- 
direct or mitotic division of the naclens. In this čase the finál 
separation of the nucleus into two portions is preceded by a far- 
reaching transformation of the substance of the nucleus of the 
mother-cell, an operation entitled karyokineflds ; and it is in this 
manner alone that the subdi vision of the nucleus occurs in the 
segmentation cells of higher plants and animals. Fundamental 
researches into this process havc been made by Flemmino (I.), and 
in the narrower domain of the Thallophytea the investigations of 
ScHMiTZ (I.) merit attention. 

In so far as the Schizomycetes are concerned, BCtschli (I. and 
IL) made various observations, from which Zacharias concluded 
that the division of the centrál body of físsion bacteria is amitotic 
or direct. Wahrlich (L), Frenzbl (I.), and SjObrinq (I.) studied 
the matter more dosely, and, according to them, the chromatin 
granules of the centrál body (§ 35) are fírst dissipated, and then 
the latter stretches and subdivides. Concurrently, the new septum 
interposes itself between the two moieties of the cell and then 
splits up into two lamellse, thus effecting the separation of the 
two cells. 

As will be remarked, the Schizomycetes assume an exceptional 
position as regards the bchaviour of their nucleus during cellular 
sabdivision, the operation being in this čase alono direct, whereas 
in all other plants karyokinesis occurs. 

§ 47.— The Rate of Reproduetion 

is, naturally, influenced by extemal circumstances, especially by 
the method of nutrition and the temperature. It also varies 
under the samc extemal conditions in the different species. The 
time required for the formation of one bacterial cell from another 
(a new generation) is known as the period of generation. This 
period was determined by Brefeld (I.) and by Prazmowbki (I.) 
as twenty minutes at 35"; thirty minutes at 30*; forty-five 
minutes at 25'; ninety minutes at 18J", and four to five hours 
at 12.5"* C, for the hay bacillus (Bacillus subtilis), Similarly 
rapid is Koch's Vibrio eholerce (uiatieoB, the period of generation 
for which under favourable conditions is only twenty minutes. 
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as ascertained by Buchner, Lonoard, and Eibdun (L). If the 
number of cells present in a bacteríum culture at the commence- 
ment of an experiment be represented by a, and at the end of a 
given time, i, has increased to b; then, according to Fb. Basenau 
(L), the period of generation is 

— t log 2. 
• * "" log 6 - log a. 

Cohn, starting with the assumption that the period of gene- 
ration is half-an-hour, made the following calculation. If we 
také a single bacillus measuring 2 fí in length and i /z in brendth, 
with a weight of 0.00000000157 1 mgmL, it will increase, according 
to the aforesaid assumption, at such a rate that in two days' time 
its progeny will amount to 281 billions, and will occupy a volume 
eqaal to about half a litre (30.51 cub. ins.). Within a further 
three days the quantity would increase to a mass sufficient to 
completely fíU the beds of all the oceans on the globe, and the 
number of the progeny would be expressible only by 37 places of 
figures 1 That such an inordinate development does not occur is 
mainly owing to the ropressing eífect of extemal influences, and 
especially to the enmity existing between the various species them- 
selves. A no less powerful and inevitable retardation is caused 
bý the transformation products excreted as a result of the vital 
activity of the reproducing cells, which finally arrest further growth, 
even though a sufficiency of nutriment is still available. 



CHAPTER V. 
THE PERMANENT (EEPBODUCTIVE) FORMS OR SPORES. 

§ 48.— The Formatlon of the Endospores. 

The cell forms, hitherto cousidered, produced by fission, and 
geneiallj designated veg«tat]T« forma of growth, háve only rela- 
tively low poweis of resiBtiog the multifarious dangers to which 
bacteňa are esposed in Nátuře. The fact that, novertheleas, 
these tender organiams hold their ground ia due to their faculty 
for producing epecial formě, which, on account of their physio- 
Ic^cal function, are knowa aa permiuiflnt fomu (spores). These 
maj be of two kinds, viz., endogenons spores, and arthiospraea. 
Ány account relativa to the continuation of the species will tliere- 
fore háve firab to deal with the formation of the endospores. 

When a bacterial cell commences to develop such a new form, 

it condenees its cell contents into a amaller 

space and then surrounds them with a toiigb, 

sniooth, colourless membráně (probably com- 

poaed of two layers). The form thus produced 

Í9 enclosed on every side hy the membráně 

of the mother-cell (Fjg, 14), in which it is 

developed, and is therefore called an endo- 

genons spote or endospore. The greater 

Fw. .í.-B«diiui denaity of ita contenta ia evidenced by their 

meg^tlurtiiin. greater refractive ptoperties, which, were they 

SpoM [orm»tion. confined to the spores, would enable these 

r.duUnořřoureeiiiwith to be detected with certainty by the optical 

íl.^<;.XÍ'7^ mothod alone. This ia, however, not the 

DiDaiy.) u«go.ů™. case ; large, highly-lustrous drops, of a fatty 

nátuře, and which cannot, without other 

meana, be accurotely identifíed, occurríng frequently ia the cell 

plasma of the físaiun fungí. In such cases germination tests — 

dealt with in the following chapter — muet be resorted to for the 

purpose of difTerentiation. 

With regard to the transformations undergone by the indi- 
vidua! partB of the contents of the mother-cell precedent to spore 
fonnation, uncertainty atill prevaila. According to the obeervationa 
of P. £mst (§ 35), the chromatin granules of the centrál substance 
appear to play an important part in these changes, on which 
account this worker entitled them " aporogetiia gramiiea." 
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Soon after sporo formation has terminated, the membráně of 
ťhe mother-cell is dissipated, swelling up and dissolving in the 
surronnding liquid, and thus leaving the spore free. This is the 
ordinary course, but in many instances deviations occur, one of 
them being in the čase of the Spirillum endoparagogicum, discussed 
rather more fully below. In this oase the membráně of the 
mother-cell encloses the spore long after the latter is mature, and 
Í8 still present when the spore germinates. This is described in 
the next chapter. 

§ 49.— Alterations in the Form of the Hother-CelL 

In many instances the mother-cell undergoes alterations of 
form during the process of spore formation, and swelling occurs. 

When this happens at one of the polar terminations of a rod- 
shaped cell, the latter then assumes the form of a nail or drumstick. 




Fio. 15.— Vibrio rugula. 

Beren rods, each with a 
terminál spore. {Á/ier 
Prazmoicski.) Magn. 
loao. 





Fio. z6.— Clostridium butyricum. 

Spore formation. 

a, &. purely vegetative cella ; d. commencement of 
spore formation ; e-e. progreas ; /~h. completion ; 
a-/, contain granuloge stained blue by iodine ; 
h. devoid of this carbohydrate, unstained by 
iodine ; g. cell with two spores. (A/ter Praž- 
inotciki.) Magn. 1020. 



Bacteria exhibiting this peculiarity are styled nail-bacteria oř 
helo-bacteňa by Billroth, or Urocephalum by Trécul; and in 
medico-bacteriological literatuře they are also frequently called 
pin-head bacteria. The earliest known exaniple of this kind 
was the Vibrio nigula (Fig. 15), frequently encountered in pools, 
and another is the " drumstick bacillus," found in human fsBces 
by BiENSTOCK (L). The author has often found morphologically 
similar físsion fungi in the skin developing on the surface of 
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boiled infusions of hay; and as a matter of generál interest an 

example írom the pathogenic bacteria may be cited, viz., Baeillua 

ietanif by which tetanus is produced. 

Not inferíor in number are the species wherein the sporogenic 

rod ordinaríly swells up in the middle and gives rise to a spindle- 

shaped outline resembling that 
of a lemon or cop of yam. 
Trécul(I.), who in 1865, in the 
course of his studies in butyríc 
fermentation, iirst became ac- 
quainted with this bacteria! 
form, gave it the name of 
Olostridiiun, a term adopted as 
a generic name by Prazmowski. 
The two species described by 
this worker, viz., Clostridium 
butyrícum, (Fig. 16) and CL 
¥10. .7.-Bacmu« infutu.. Polymyxo, were supplemented 

Spore řormatlon. ^ LIBORIU8 (I.) with Clostri- 
a, 6, €. celU oř clostridium form, each 7 . a^a • * ^^ /• • * 

conuiiiing oné eiongatwi cyiindricai dtum /oettaum, a nssion íungus, 

endo«pore ; c, d. /, í^. cella wlth <iw which Í8 isolated from old 
sporetof uneqnalsize. {After A. Koch.) 1 1 •■ 1 

Ma«n. aioa checse, and produces a repel- 

lent odour in artificial nutrient 
media. A fourth species is the Bacillus álvei^ discovered by 
Cheshire and Cheyne (L), which canses the so-called ''foul 
brood" in bees. The Bacillus inflatus (Fig. 17), discovered by 
Alfred Kooh (I.) in 1888, also belongs hereto. Beyerínck in- 
vestigated the conditions under which the Clostridium form is 
assumed by a number of species, having close affinities with 
Clostridium butyricum^ which háve been grouped under the genus 
OranvXohader, 

§ 50.— The Number of Spores 

produced in a single mother-cell exceeds unity in but few species. 
The first communication on this subject was made by Prazmowski, 
who found that in exceptional cases Clostridium butyricum de- 
veloped two spores in a cell. A representation of this is given 
in Fig. 16. Ed. Kern (I.) observed in Caucasian Icephir granules 
a bacillus to which, on account of its faculty of producing two 
spores, the name of Dispora caucasica has been given. This 
bacillus produces a spore at each of its two poles, without any 
alteration of size or shape being undergone by the latter. 
The contrary report, met with in many books, viz., that this 
microbe during spore-formation swells up in such a manner that 
it assumes the form of a dumb-bell, is a pure invention. The 
doubt raised by Mace (I.) in 1889, and shared by many others, 
against the sporous nature of this form, is also groundlesa, since 
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a penisal of Kern's treatise shows that this inquirer confínned 
bj obsenration the germination of the doubtful spores into new 
lods. A third species in which this unusual fruitfubiess has been 
observed is the above-ncmied Badllus inflatiM, in which, how- 
ever — as is shown by Fig. 1 7 — the situation of the spores is not 
polar, but centrál. K Kramer (I.) reports that the BacUlus 
sajprogenes mni IIL, isolated by him from tumed wine, swells up 
at first at one of its poles and develops an endogenous spore 
therein, another spore being then formed in the handle of the 
drum-stick form thus produced ; so that two spores are developed 
in the samé celL 

The formation of more tJian two spores in a single cell has 
hitherto been noticed in but one species of físsíon fungus; the 
SpiriUum endoparagogicum. This was repeatedly observed by 
SoBOKiN (L) in a small pool of rain-water coUected in the cavity 




A. 




\r- 
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Fio. 18.— Spirillum eudoparagogicmn. 

C, Tegetatire cells; A, two cells, one 
wfth two aod the other with three 
endofporei. {AfUr Sorokin.) 




Fio. 19.— BacllluB tumescens. 

Chain of seven cells, lix of which háve 
developed one spore apiece, whilst 
the seventh and centrál cell has re- 
mained barren. Its plasma is granu- 
lar. (^AfUr A, Koch.) Magn. xiocx 



of an old black poplar tree. A representation of this microbe is 
given in Fig. 18. In A is seen a cell containing tico, and another 
with three endospores, and Sorokin found as many as «ta; in a celL 
The attempt to obtain artifícial cultures of this organism was as 
little successful as in the čase of so many other spirilla, there 
being (it may be mentioned en passant) up to the present only a 
few known species wherein attempts of this kind háve succeeded. 
The first of these species is that which was isolated as a pure 
culture by Esmarch (I.) from putrescent fluid, and which formed 
rose-red colonies {Spirillum rubrum) ; the second is the Spirillum 
desulfuricans^ discovered and thoroughly investigated by Bbybr- 
INOK (II.), which readily reduces sulphates to sulphides. A third 
is the Spirillum luteum — developing a citron-yellow colouring 
matter — obtained by H. Jumblls (I.) from a bog ; and the fourth 
is the Spirillum marinum, described by H. L. Russell (II.) 
as a frequent inhabitant of the mud and water of the Bay 
of Naples. The spirilla, as Múhlhaussr (I.) has shown, are 



64 THE PERMANENT FORMS, OR SPORES. 

extremely susceptible to variations in tbe temperature and nutrient 
medium. — 

With these exceptíons, oniy one spore is produced in the bac- 
terial cell, in which event the spore formation does not result in 
an increase in the number of the cells. It is scarcely necessary to 
remark tbat it is not every cell that develops a spore, it being a 
matter of frequent observation that individual cells in a bacterial 
chain are sterile, leaving their neighbours on either hand to care 
for the maintenance of the species. An attempt is made to re- 
present this statě of things in Fig. 19, which is a drawing of 
Bacillua Uimeacens made from nátuře by A. Koch (I.). 

§ 51.— Form and Slze of the Spores. 

These characteristics vary of course in different species, the 
spores of Bacilliis suhiiliSf for example, being ellipsoidal and 
measuring 1-2 fi in length by about 0.6 fi in breadth, whilst the 
similarly shaped endospores of Cloatridium biiti/ricum are 2-2.5 f' 
long and i.o fi broad. The generál shape is oval, but there are 
noteworthy exceptions to this rule. One of these is exhibited by 
the Bacillus inflatus, which has already been frequently referred to. 
As can be seen from Fig. 1 7, the spores of this microbe háve the 
form of an elongated cylinder, and are often curved in the shape of 
a beán. With a breadth of about o. 7 fi the largest of them attain 
a length of 3.8 /i, in which respect this species is as yet unrivalled. 
We may here mention that in A. Koclťs work, as also in Eisen- 
berg^s treatise, already alluded to, a number of spore measure- 
ments are given. The duration of spore formation has been 
determined by Pražmo wsk i for Cloatndium hutyi'icum as 10 to 18 
hours at 30^-35" C. 

§ 52.— The Conditions Influeneing Spore Formation 

háve been frequently investigated, but no generally satisfactory 
elucidation has yet been obtained. H. Buchner (II.), on the 
basis of his studies, sought for the explanation in the exhauation 
ofthe supply of nutrimmi ; but this is contested by Obboune (L). 
TuttRo (I.), on the other hand, sees the cause in the accumulation 
of noxivus transformaiion prodiicfSf against which the vegetative 
form seeks protection and the maintenance of the species by 
developing the hardier reproductive spores. 

A. Koch established the fact that Bacillus inflatus in hanging- 
drop cultures forms spores when a i to 2 per cent. solution of meat- 
extract is employed as nutrient medium, but that they are not 
formed if grape-sugar be added thereto. Clostridium htdyricum 
forms spores only in the absence of oxygen, whilst the morpho- 
logically similar 67. Polymyxa^ on the other hand, produces them 
only in presence of this gas. Kotljar (I.) found, in a microbe 
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named BacUlus pseud-anthracis, that spore formation was influenced 
favourably by violet light but unfavourably by red light. 

Past experience haa shown that the formation of endogenons 
spores is confíned to the rod-shaped species (bacilli). This observa- 
tion has been utilised in the classifícation of bacteria, as will be 
seen in § 69. The reports to the contrary found in the literatuře 
of the subject lack the force of proof, since they ignore the fact 
that the sporous nature of the growths seen to originate in the 
cocci has been demonstrated by germination tests. 

§ 53.— Reslstingr Power of the Endospores. 

The forms in question are endowed with the character of re- 
productive cells, since they are able to withstand those ad verse 
condiiions which would inevi tably be fatal to the vegetative forms. 
As in the following sections — especially that dealing with sterilisar 
tion — occasion will often arise for a closer investigation of this 
faculty, so important for the maintenance of the individual species, 
an exhaustive and tedious list of individual cases need not be 
given here-; it will therefore suffice if we cite one example, viz., 
Bacillus 8ubtili8, According to the researches of Brbfbld (I.), 
which were contirmed by M. Gruber (L), a continuous exposure of 
twenty minutes to the action of boiling water suffices to destroy 
the sporeless rods of this microbe ; whereas to kill the spores 
requires three hours' boiling at 100' C, or a quarter of an houťs 
exposure at 105* C, or, finally, the action of a temperature of iio*' 
C. during five minutes. The assertion made by Koch, that the 
continuous action of steam at loo** O. for fífteen minutes will 
destroy the spores of any of the bacteria. was subsequently 
negatived by his pupil É von Esmarch (II.). Acconfing to 
SwAN (I.), spores of Bacillus megatlierium^ dried on a cover-glass, 
retained their vitality and germinating power for more than three 
years. 

Use may be made of these powers of resistance for separating 
the sporiferous from associated non-sporiferous bacteria. By skil- 
ful handling, e.g, by the aid of sufficiently high temperatures, 
the weaker species in a mix ture of bacteria can be killed off, 
leaving only the spore-producing individuals. A process based 
on this mode of proceduře, and known as the boiling method, 
was introduced into bacteriology by Robbrts (I.) for obtaining 
pure cultures of the hay bacillus, and the samé method was 
•employed by Prazmowski for preparing cultures of Clostridtum 
hutyrteum, 

The seat of this high power of resistance has already formed 
the object of numerous researches. One school looks for it in a 
peculiar modifícation of the spore plasma — for instance, in the pre- 
sumably low water-content thereof, as suggested by Lbwith (I.). 
•Others, again, attribute to the spore membráně an exceptionally 
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low heat-conducting power, and a very slight degree of perme- 
ability by noxious substances. This latter opinion seems the more 
probable one, considered from a physical point of view, and is 
further supported by 




§ 54.— The Behaviour of the Endospores towards Dyes. 

As already observed in a previous chapter, the dead plasma of 
tbe bacterial cell absorbs colourín^ matters greedily and copiously. 
The staining of the endospores is. however, more difficult, and 
consequently they háve to be exposed to the dye a much longer 

time before they will absorb any of it. 
However, the colour thiis taken up is re- 
tained by them more firmly than by the 
vegetative forms. 

This property has been utilised in micro- 
scopy to obtain a diflferential staining of 
the spore-bearing bacterial cella, for which 
purpose the latter are treated with a suit- 
able (er/. red) colour solution until the 
spores are thoroughly impregnated there- 
with, the preparation being thí^n steeped 
in a decolorising liquid (generally slightly 
acidified alcohol), wherein it is left until 
the vegetative cells are deprived of the 
colour. These latter are thereafter stained 
auew by a sliort immei-sion in a second 
colour {p.(j. blue) solutinn, a two- colour 
preparation (double-staining) being thus 
obtained. the spores in this čase being red 
jind the rods blue. More detaile*! directions 
for double-staining will be found in Hueppe^s handlx»ok, Eisenberg^s 
treatise. and in Bernheim'8 7'ascheuhnrh (Pocket-book). Fig. 20 
gives a black and white reproduction of a cover-glass preparation 
of spore-bearing /Utalhfs gnhtiliíi stained only onc«% so that the 
spores are unchanged. and appear colourles-í (white). 

The aforesaid behaviour of bacterial endospores towards colour- 
ing matters is characteristic of all. From this fact it is not 
inřrequently, though erroneously, assumed by medical bacterio- 
logists that any formation, in the interior of the cell, that behaves 
similarly towards dyes is to be considered a.^ an endospore ; whereas 
it is not yet proved that spores alone exhibit this power. A generál 
report concerning the 8|>ore formation in any bacili u« must there- 
fore be received with due reservě when it rests merely on the 
result of staining exi>erimonts. Tlie sole decisive proof of the 
sporous nature of such bodies is afforded by their germinating 
]K>wer alone, a subject discnssed in the next chapter When this 
property has been observed. the staining fla«k is no longer needed, 



Fig. 20.— Baclllus subtilis. 

Cover • glMB prepuratlon 
from an eifcht Uays' old 
geUtin culture grown 
at room temperature. 
Stained with vesuvine. 
The spores, not having 
absorbed the dye, show 
up as white specks 
against the (daric - 
stained) vegetative 
cells. {A/Ur Bavw- 
garten.) Magn. 950. 
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its use in such čase being coníined to the preparatíon of a coloured 
slide, which, in itself, is uow valueless as a criterion. 

The property of ofifering considerable resistance to decolorising 
agents, possessed by the endospores, is also shared by the vege- 
tative forms of a few species of bacteria, among which are the 
tubercle bacilli and the leprosy bacilli. This unusual behaviouv 
greatly facilitates their detection by microscopical exaoiination 
alone, and is of particular utility in this respect in the ezamina- 
tion of milk and of the sputa of consuujptive patients. 

The differential staining of tubercle bacilli, also experimentally 
applied to non-pathogenic bacteria by many bacteriologists, will be 
found dealt with in each of the above-named books. 

§ 55.— Arthrospores. 

As already remarked, the capacity for forming endogenous spores 
is not universal among the iission fungi. The question then arises 
as to the means whereby those species not endowed with this 
faculty protéct themselves agaiiist adverse external intiuences. 

In many cases the resistancu of such cells, and consequently 
the maintenance of the species, is secured by the development of a 
protective wall of cells. This is most frequently met with in 
zoogloearmasses of bacteria. 

In other cases actual spore f ormation occurs. This, of course, 
takés pláce not within the bacterial cell, since that would imply 
endospore formation, but by a thickening of the membráně of the 
individual cell in question, which thereby plays the part of a re- 
productive cell. This proceduře is known as arthrospore forma- 
tion, since the spore detaches itself from the chain of moribund 
cells, encysts, and becoutes dormant until conditions are once more 
íavourable for its germination, when the cell increases in length 
and subdivides in the samé manner us the vegetative form. 

The thickening of the cell membráně of the incipient arthro- 
spore proceeds, in many instances, to such an extent as to form 
spiny excrescences on the exterior surface. This was observed by 
Hansoirg (I.) in two species of bacteria, viz., Mycacanihococcus 
ceUariit aud Mycotetraedron cellare, found by him on the walls of a 
cellar at the Castle of Pleissen, at Leipzíg. The arthrospores of 
the latter species, which are tetrahedral in form, exhibit at each of 
the four angles a spiny thickening of the membráně 2 fi in length. 

The name arthrospore will be understood when it is remem- 
bered that this kind of spore is met with particularly in the thread 
bacteria, from which it becomes, as it were, actually dismembered. 
Examples of this are exhibited by the Crenothrix observed by 
Cohn, Cladothrix by Zopf, Leptolhrix by Miller, and Streptothrix 
Foerderi by Gasperini (L). The discovery of these organs in 
species of cocci, &c. — such as the urea bacterium found by Jaksch 
(L), in B, vemicosum by Zopf (IL), in Bacterium Zopfii by Kuuth 
(I.), and 80 on — was only a secondary matter. 



CHAPTER Ví. 

THE GERMINATION OF THE ENDOSPORE. 

§ 66.— First Tjrpe. 

When the spore is exposed to favourable conditions as regards 
nutrition, it abandons its dormant statě and begins to germinate 
by commencing to absorb liquid írom the surrounding medium. 
It then becomes distended, its high refractive power gradually 
diminishing in the samé proportion. Further development can 
then proces in three ways. 

The fírst type of spore germination was accurately observed by 
H. BuoHNER (III.) in BacUlus anihraeis, the producer of anthrax, 

and aíterwards discovered in other kinds; 

#0 ^ as, for instance, by Prazmowski (II.) in a 

t ( I físsion fungus named by him '* mistbakterie " 

£4l' (dung-bacterium), and in a second species 

isolated from fermenting urine. The prog- 

OerminaUoD of ■poret. ?™P^® (^^^ * » )' The spore, gradually acquir- 
«. the ripe ipor© before *^8 ^^® normal dimensions and functions 
germination begins ; of the vegetative form, soon divides and re- 
ttMM* of ffenninaUon : produces by físsion. Accordiiig to several 
^\^ iSi^^jtaíJ!) ^^í^^^ions made by Brefeld, the extemal 
Hagn. about 600-700. ' layer of the spore- membráně {" exosporium ") 

separates during this germination process 
and swells up. This harmonises well with the remark made in 
a previous paragraph, that the spore-capsule probably consists of 
two layers, distinguished as exosporinm and endo8iK>rin2n. 

§ 57.— Second Type of Spore Grermlnation. 

Microscopically the initial stage of the process is identical 
with that descríbed in the foregoing paragraph; the refraction 
of the spore diminishes and an increase in size occurs. Then, 
however, the contents of the spore are elaborated into a new 
rod which is surrounded by a thin membráně, and which, by its 
further growth, bursts the spore capsule. 

This rupture is effected at the point of least resistance, the 
position of which — and consequently the mode of escape of the 
germ — varies in different species. 
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In Glostridium hutyricum, CL Pohjmyxa, and a few othera, 
the spore capsule opens at one of the poles, so that the direction 
taken by the young rod in 
its escape is in a Une with 
ito length, as shown in 
Fig. 22, d. The expulsion 
is effected by the spore 
membráně, the tension of 
which is graduaUy in- 
creased to such an extent, 
through the expansion of 
the spore contents, that it 
finally squeezes out the 

mature spora The capsule then shrinks at once to its originál 
size, and gradually disappears from view by swelling up and 
dÍ8!K>lving in the surrounding liquid. If the spore has originated 



Fio. 23.— Clo«tridlum bntyricum. 

Spore fomiatloD. 
a. rlpetpore. 

h. ditto expanding in nutrient aolutton. 
e. flnal dimenaioDS attained, and aeparatton of 

exoflporium from endoaporitun rliible. 
d, €. young rod escaping from polar extremity of 
■póre capaole. 

{^ÁfUr Prcamowtíti.) Magn. xoao. 
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yotě.— to to 13 Uhr M. (U.) = xo A.M. to xs noon ; x to 7 U = i to 7 P.M. 

FlQ. 33.— Oermination of siwrea of Bacilloa seasilLs. 

ProgresaiTe obaervation of the germinatlon of flve endoeporea (1-5) under the micro- 
■oope M 3o*-^5* C. Hanging-drop culture in meat-extract solutlon. The time of the 
obflěrration (from 10 A.M. to 7 P.M.) is given under the illuatrationa of the aeparate stages 
of deTelopment (A-K) of the germinatlon. Spore 3 had not germinated even at 7 P.M. 
{Áfter L. Klein.) ^lagn. about 1000. 

from any species of motile bacteria, the liberated rod begins to rove 
directly one of its extremities is free. 

It not infrequently happens that the empty spore capsule is 
not completely detached from the germ, but rests as a weli- 
defíned cap on the rearward pole for some time, until finally it 
disappears. In a few species the persistence of this membráně 
is very considerable, whilst the force of contraction is sroall and 
insufficient to expel the matured rod. An example of this is 
afforded by the Bacillus sessilis, discovered by L. Klein (I. and IL), 
which — as its distinctive name implies — remains embedded in 
the spore membráně. This captivity, nevertheless, in nowise 
retards its nutrition and reproduction, since by fission it forms 




THE GERMINATION OF THE ENDOSPORE. 

rods which it protmdea tlirough the polar openinge at both 
extremiticB ia the mutt-Bhaped capaule, the said roda quickly 
forming epore!' in tum. An illustration ie given in Fig. 23. 

§ 58.— Thlpd Type. 

In Batillue nubtilie (Fig. 24), Bar.ilhw inegaíhfríum (Fig, 15), 
and a few other species, the ejmre membrnne does not burst at 
the poles, but along a line coinciding with the equRtor of the 
Bpore. This line, hnwcver, extends only part of the way, not 
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right round the 3ix>re, ao thiit the two halves oí the membráně 
Btill remain attoched together at one point The rod then makes 
its exit by bending 8omei?hat at the centre, and, hy turping one 
of ita extremities, pushes it out of the capsule, one half of whii^h 
often remains on the other pole for some titne like a cap, the 
other half hanging down empty. Sometimee tlie germ cannot 
lilierate even one end from the capsule, both polea remaining 
wřdged lietween the two halves of the membráně (thepe acting 
like a pair of tongs), and the centrál portion alone projecting. Tliia 
position, however, doea not prevent roproduction, but givee i' 
to horse-ahoe cbains (Fig. 26), which only separate into their in 
vidual membera wheii the spore membráně haf beoome awollen 
and llaccid. 

The time occupied by BarWiis vthiilis in gernnnnting ia^ 
according to Prnzmowski, generally 3-4J hours at 30°-35 C, 
bnt fremiently mnch longer. 
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A uiiique proceduře la manifeated ÍJi the ^lermination ví the 
spores of SpMUum end-ifaragtfnu-um, ihe mmnbrrtne of the mollier- 
cell rcmutuin); uiiimpitired (as already mentiuned) aft^r the spurte 




are formed, bo tbat llie fifitms procediiig from the Bporea háve to 
peuetrate tlie membrune of tíke mother-celi in order to attaín 
their freedom. Not infrequently thej remain attached by the 
one end, thus giviiig ríae to a brunched form, as shown io ťig. 37. 

% 69. — Importance of this Process in the Classtflcation 
of Bacteria. 
Since, accordiiig to ubsorvatiuiis niaJe thereon, the cuiirse of 
spore fiermiiiation differs iii tlie varioua species, it may be utiiísed, 
in the cliaclerisation of species, as an iiivariable and therefore 
leliable indication. One example, serving for Bact^riology in 
geunral, niiiy here be cited. H. BucEiNEit (II.) ascertained that 
by a fiuitahly nioilified method of culture it was possible to deprive 
the anthrax bacillus of its viriileuce aud render it hariniesa. 
Stindry other experiueuts (subsequently foiind to be defective 
and deceptive) wilh the hoy bacillus (B. enMUiá) induced him to 
assert that these two species were idenliail, the hay bacillus being 
an antbras bacillus that had lost its virulence, and vice věrná. 
Now it has already been shown that the v'ermtnation of the endo- 
spores oí B. anfhracis follows a diHecent couree to that occurriiig 
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in B. subtilit ; conaequently, íf the íormer were hy Buchners 
treatment not oiily rendered hArmleBa, buL also aclually coiiverted 
into JB. iubtilů, then the course of germination must alao háve 
become correspondínxly changed. Startini; with this assumption, 
PiiAZMOWSKi (III.) aubjecteil a wcakened aiithrax 1>acilliia (pre- 
Bumably trani)formed into B. gubtilit) to exaniinatioii with regard 
to the nature of the formation and germinatioii oí its apores. He 
found that hoth operationa pursued exartlj the samé courae as in 
"irax bncillua, thereby disproving the 
assumptioii of the identity of the 
two species. 

The Hret observation of tho pco- 
Juction of developiiig reproductive 
L-ells within the hacterial cell was 
niade hy Perty (I.) in 1852, who 
designated the rods he found to 
poasesB tbia pro perty Sporonema 
'jrae-ite (Fig. a8). His communica- 
tion, howaver, ii^et vfith no lecog- 
nition and fell into oblivion. About 
llfteen yeaia láteř Pasteub (VI.), 
unaware of Perty 's obaervatiou, 
re-dÍsťovere<I the samé fact jn the 
course of his researches on tbe 
cauíiea of lethargy in silkvoims 
icoordine lo Perty. ííjattine). The lisaioii fuiigi w]iich 
fc-p. aporonems tfrícůe : b. wiUi one he foiiiid in large nuiiiber in ihe 
I ™thS'«™^lÍ.S^''p«!'íX™Í alimentory canal of the diseased 
moth(r«Ti: í-Dih..withogni<in«i (lethargic) worms, and which he 
rlpe. In o li ahown thB (tonnsríy) expennieutally ascertained to be 

•o-c«lled MtlallaeUr, • Lh»ln or .v. pmi-o „f (.1,;. iroiiprBllv fntal 

■hort thrMd. which when »[Bw«i tne cause Ol tma Reneraiiy latai 
under b Líw poww ii ipt to iie epidetiiic, freqiiently exhibited in- 
MDie.''^'' '"' * '""* ""'' ""^ "* ternal lustroua encloaurea, the for- 
mation and functiiiu of which he 
explained to be reproduction by endogenous gernis {"rípnxiue- 
tioji par noijaux inlérieurn "), mthout, however, obaerving them 
more dosely in order to ascertain the accuracy of tbis hypotheaia. 
Ooly one proof was needed to set thia heyond doubt, námely, 
tbe demonstratiot) that these forms bavě tlie faculty of germicat- 
ing and of developing into new individuab. Fkhd. Cohen (VII.) 
first succeeded in doing thia, in 1876, with a baciihis isolated by 
bini from an infusion of hay. Tbis fact deíinitely proved that tho 
bacteria líelonj; to the vegutable kiníidoin, eince sporo fonnation 
exclusively characterises the sub-kingiloni Thalhpli i/ta, and is un- 
knownin animals. Amoreacciirateaccoiintof thisimportant process 
waa given two years later by Oskar Brefeld (I.) for BariHtu snli- 
íilin ; two years snbaequentjy hy A. Prazhowski (I.) for Gloitridiutn 
butyHeuni; in 1882 by Hanb Bucunbr (II.) foť B. anlhracii; 
then by De Baby (I.) for bis B. megatherium, and by othera. 
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SEOTION 11. 

GENERAL BIOLOGY AND CLASSIFICATION OF 

BACTERIA. 

CHAPTER VIL 

THE BACTERIA UNDER THE INFLUENCE OF 

PHYSICAL AGENCIES. 

§ 60.— Influence of Electricity. 

Thb effects of this agency were first recorded by Schiel (I.) in 
1875, the earlíest exhaustive researches bein«( carried out by 
CoHN and Mbndblsohn (I.) in 1879, succeeded in folio wing 
years by the labours of Apostoli and Laquerriérb (L), Pro- 
CHOWKiK and Spáth (L), and Duclaux (IIL). The samé method 
of experimenting was foUowed by all these observers, and con- 
sisted in passing an electric current through the culture. Cohn 
found that, to produce an appreciable weakening effect by this 
means, a battery of at least two celIs was required, the current 
from which, when passed for 12-24 hours through a nutrient 
solution inoculated with bacteria, was unable to kill the gernis, 
but nevertheless rendered the medium unsuitable for further 
culture. This result, as explained by Cohn, was due to the action 
of the current in forming decomposition products inimical to 
fungL Bearing this in mind, such a method of experiment is 
therefore unsuitable for aífording a clear insight into the influence 
of the current itself. These lal)ours are nevertheless worthy of 
mention, since, having been further pursued wiih a practical aim, 
they háve led to the elaboration of a process for the puriíication 
of sewage water (as developed and tested by Webster (I.) in 
particular). The water to be purified is led through a trough into 
which dip large iron plates, acting as electrodes for a powerful 
current generated by a dynamo machine and passed through the 
liquid. Fbrmi (I.) tested the process from a ť)acteiiolo^'ical point 
of view, and ascertained that — under the conditions of the experi- 
ment — a current of 0.5 to i.o ampěre reduced the number of 
germs to between -s\^th and i^th of the initial quantity. 

To ascertain the effect of the electric current, unaffected by 
secondary chemical influences, Burci and Frascani (I.) proceeded 

by drying the bacteria (z.e. a small portion of inoculated nutrient 
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8olutiou) on a pad oí glass wool at 37** C, and then dipping the 
pad into mercury through which a constant galvanic current was 
being passed. In this čase the bacteria wcre killed ; but the 
inethod of experimenting is not free from objection, since the 
dríed constítueiits of the medium were present along with the 
bacteria, and might retain moisture and form decomposition pro- 
ducts noxious to the latter. 

These injurious secondary influences can only be períectly 
excluded when the electric current is preveuted from coming into 
contact with the nutiient medium, a condition first attained in the 
experimental method selected by Spilkbr (I.) and Gottstein (I.). 
The glass flask containing the bacterial culture was enveloped by 
a coil of the line wire, and un induction current then passed. 
Micrococcus prodú/iosus-^vrasheá by sedimentation in pure water or 
in water qualiíied by nutrient gelatin — wus killed when the liquid 
(250 c.c. in volume) was exposed for twenty-four hours to the in- 
fluence of a current of 2.5 ampéres and 1.25 volts. Other species 
of bacteria uffered greater resistance : as, for example, those occur- 
ring in milk, which are gifted with the power of forming endo- 
spores capable of retaining theír vitality under very adverse condi- 
tions. For this reason the above-uamed observers nevěr succeeded 
in thoroughly freeing milk from living germs by electrical treat- 
ment, although the number of the germs could be reduced thereby. 

D'Arsonval and Charrin (I.) studied the iníluence of the 
electric current on the blue pigment of the Bacíllua pyocyaneus 
found in the pus díscharged by wounds. They placed a cultuie 
of this organism in the cavity of a solenoid traversed by a current 
of 10,000 volts ; an exposure of twenty minutes sufficed to destroy 
the chromogenic power of the bacilli almost complelely. A similar 
decrease of virulence was observed by S. KuCger (I.) in the čase of 
a few pathogenic bacteria ; aiid, íinally, reference may be made 10 
a research of this nature performed by H. Friedenthal (I.). 

At present, owing to the high cost entailed, the utilisation of 
the anti-bacterial powers of electricity in the food-stuíf industries 
is out of the question. Use has, however, been made of ihese 
powers in the fermentation industries, although the primary ol»ject 
of the process is not the destruction of germs, but the chemical 
changes effected by the electric current. Alcoholic bevorages 
(wine, cognac) are artiíicially niatured, and a slight esierifícation, 
and consequent mellowing of ňavour, produced by allowing the 
liquors to flow slowly through an electrical íield. A more detailed 
consideration of thia process is, however, beyond the scope of the 
present work. A review of the methods proposed for this purpose 
and the experimente made therewith is given by A. Schrohe (I.), 

D'Arsonval and Dubois háve made a few ob^ervations on the 
influence which ma^netism (so dosely allied to electricity) has 
on bacteria, but unfortuuately these háve not been followed up 
any further. 
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§ 61.— Influence of Temperature. 

The ordinary conceptions with regard to the favourable oř 
prejudicia] influence oí oertniii tempeřatures on organic life cannot 
be applied, without moilifícation, to bactería, and this is particularly 
the ose with re.«pect to the effects of cold. 

J. F0R8TER (L) was the first to íind (in 1887) that there are 
species of bacteria which at a temperature of o** C. are not only 
alive, but actually reproductive. This report is based on a luminous 
bacterium isolated by him from the surface of a phosphorescent 
salt-water fish. B. Fischer (I.) next díscovered fourteen other 
species, some in sea-water, others in the soil, all of which wcre 
very reproductive at o'' C. Retuming to the subject, J. Forstbr 
(II.) then examined more narrowly the natural habitat of similar 
bacteria and fonnd that 

Gommercial milk contained np to 1000 per i c.c. 
Drain water contained ap to 2000 per i c.c. 
Garden soil contained up to 140,000 per i gram. 
Street mud an innnmerable qnantity per i gram. 

MiQUEL (I.), by keeping a sample of sea- water at o"* C, found 
that an initial number of 150 germs per i cc. increased to 520 in 
twenty-four hours and to 1750 in four days: These facts indicate 
that glacier water, hail, and snow may also contain bacteiia. 
Quantitative researches on this point háve been carried out by 
ll ScHMBLCK (L), O. BujwiD (I.), W. FouTiN (I.), Th. Janowski (I.), 
and especially P. Miquel (I.). 

The resistance of bacteria to low tempeřatures extends con- 
siderably below zero Centigrade, Frisch (I.) having showii that 
some species will bear cooling down to - 1 10** C. for a short time 
without injury. R. Pictet and E. Yung (I.) f<»und that bacteria 
(species unknown) could be kept at - 70** C. for 108 hours and ut 
-130' C. for twenty hours without řuccumbing; certain (un- 
named) species even withstanding the effects of a short exposure 
to - 213* C. in solidiíied oxy^jen. These facts are not merely of 
generál biological interest, but also, at the samé time, important 
as regards the question of the suitable treatment of stored food- 
BtaSs, This wUl be discussed in a subsequeut paragrapL 

Antithetical to these cold-loving bacteria is the BariUus ther- 
mophíliUf discovered by Miquel (IL), which thrives and repro- 
duces with great ac ti vity at 70* C, a temperature which instantly 
kills animal cells, coagnlates egg albumin and blood sérum, and 
produces painful bums on the skin. When kept at 50** C. this 
aerobic bacil lus occurs as short rods, about i fi in thickness, which 
become longer as the temperature rises, threads beginning to 
form at 60* C. and constituting at 70"* C. the sole occupnnts of 
the field. The lowest limit of temperature at which develoi>mcnt 
of this or);anÍBm can be observed is about 42" C. ; above 72* C. 
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the vegetative forms die off. This non-ciliated físsion fungus is 
but seldom met with in atmospheríc dust, but is very frequent 
in sewage, and thereforo also in sewage-contaminated waters. 
It Í8 líkewise present in tlie alimentary canal of human beings 
and maminala This locality seems to possess a highly suitable 
temperaturo for the growth of this saprophyte, aithough accurate 
knowledge on the subject is still lacking. When the teinperature 
rises above 50* the medium undergoes putrefaction as a result of 
the activity of the baciHus. 

Between Bacillus tliermophilus and the aforesaid cold-Ioving 
species there ure numerous species forming intormediate links 
in the chnin. In the čase of Forsteťs microbe, already men- 
tioned, the liighest limit of supportable temperature is 35*" C, 
and it cannot retain its vitality when exposed, even for a few 
hours, to a temperature of 35' to 37** C. Globio (I.) isolated 
from garden soil twenty-eight species of bacteria, each of which 
still developed luxuriautly at 60" C, whilst the minority were 
able to grow at even higher temperatures. In connection with 
their occurrence in nature the question of the limits of tempera- 
ture — range of climate — within which they can grow is of interest. 
In this respect great differences were observed, one of them growing 
as well at 15" as at óS** C, whilst most of the others required a 
temperature of over 50** C, and one exhibited signs of develop- 
ment only when the temperature exceeded 60° C. It must there- 
fore be concludeil that, under natural conditions, the reproduction of 
these organisms proceeds only in the heíght of summer, when the 
soil is sufficiently heated by prolonged sunshine. These warmth- 
loving bacteria are not found in the grounil exclusively. Lydia 
Babino wiTSCH (I.) isolated from the excvement of various animals, 
as well as from manures, milk, <&o., eight widely distributed species, 
for which the highest limit of temperature at which growth was 
possible was found to be 75° and the minimum about 39° C. 
These organisms are therefoie able to reproduce freely in the 
alimentary canal of warm-blooded animals and human beings. 
Warmth-loving fií^sion fungi are also not infrequently encountered 
in sea-water. One example of this is affonled by a phosphorescent 
bacterium found in the West Indies and described in Chapter xv. 
under the nnme of Bacterium phosphorescens, This inhabitant of 
the tropics thrives best at 2o'*-3o*' C, and ceases growing at 15*^ C. 
Living bacteria háve also l)een found in boiling pprings, e.g, that 
discovered by Cortes and Garrigon in the basin of a minerál spring, 
the temperature of which was 64** C. J. Karlínsky (I.) in 1895 
discovered in the hot sulphur springs at Ilidze, near Sarajevo in 
Bosnia, two species of Schtzomyreies which he named Bacterium 
Lduiwigi and Bacil Itis Ilidzensis capaulatus, the former developing 
only when the temperature rose above 50** C., and the second 
producing endospores able to withí»tand four hours* exposure in 
water at 100° C. without succumbing. 
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DiEUDONNÉ (I.) drew attention to the fact that, owing to the 
poBsession by bacteria oí a certain power of adaptation to climatic 
c<Hidition8, no hard and /ad lineš can be drawn respecting the 
limita of temperature within which growth is possible ; but that 
by careíully controUing the stages oí transition it is possible to 
somewhat extend these limits. 

In ciliated bacteria spontaneous motion ceases when the tem- 
perature of the environment approaches the lower or higher limit, 
and they faU into a statě of torpidity through cold or heat, f rom 
which they recover as soon as the temperature once more becomes 
favourable. 

Reference to the morphological influence of temperature has 
already been made above (as also in § 29), and will be exhaustively 
deseribed ' and illustrated, vfith a particularly íine exaraple, in a 
subsequent paragraph. The transforming and modifying power 
of warmth also extends to other properties of bacteria; for example, 
to the virulence of pathogenic bacteria, i.e. their capacity for 
engendering disease. In the preseut work, however, not more 
than a single one (on account oí its generál interest) can be re- 
ferred to, viz., Pasteur*s process of preventivě inoculation for 
anthrax. If Bacíllus anthracis be cultivated in meat-broth for 
twenty-four days at 42'' -4^'' C, a virus {preiiitei- vaccin) is obtained 
the virulence of which is so attenuated that sheep (the unimal 
most subject to anthrax) inoculated therewith experience only a 
mild form of the complaint. If then inoculated with a second 
culture prepared by exposure to the atteuuating inHuence of a 
temperature of 42 "-43* C. for only twelve days {second vaccin), 
the animals no longer sicken, even if • inoculated by unattenuated 
B. anihracis, and are therefore immune against inoculative anthrax. 

§ 62.— Influence of Ligrht. 

The old empirical hygiean maxim concerning the disease- 
banishing power of the sun's rays — which is well expressed by 
the Italian proverb, "Where the sun does not enter the doctor 
does'' — finds a full explanation in the bacteriological discovery 
that the overwhelming majority of the lission fungi thrive much 
better in darkness than in the light, and are, in fact, under certain 
circumstances, killed by direct sunshine. This question of the 
influence of light on bacteria has already formed the subject of 
innumerable researches, most of which, however, are of purely 
medical and hygienic interest, on which account their considera- 
tion here must be restricted to a mere recapitulation of the main 
points involved. A summary review of the literatuře of the 
subject up to 1889 will be found in a work by J. Raum (I.), which 
in this particular is to sonie extent supplemented by the more 
recent publications of Th. Janowski (II.) and Th. Gbisler (I.). 

Mo^t of our knowledge of the question was obtained from the 
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earliest investigationď therein, published in 1877 and 1878 by 
D0WNB8 and Blunt (I. and IL), who íound that the growth of 
tbe bacteria is restricted by the influence oí diffuse white daylight 
and Í8 completely stopped by sunshine. The blue and violet rays 
proved the most injurious, the red and oraiige rays being weaker 
in their action. The authors explained the injurious effect of 
light as an indirect one, in that it strengtheiis the decomposing 
power of oxygen, the result being the decomposition aud destruc- 
tion of the bacterial plasma. Jamieson (I.), in 1882, gave another 
explanation of the phenomenon by attributiiig the injury observed 
to the increase of temperature effected in the cells by the 8un*s 
rays. The fallacy of this hypothesis — which haJ been rejected 
by D0WNB8 (I.) — was demonstrated in 1885 by Duclaux (IV.), 
who was also the first to employ pure cultures — viz., of Tyrothnx 
scaher — in the study of this queslion. He proved, ut the samé 
time, th:it the duration of exposure to sunlight necessary to kill 
the microbe is dependent on the compositiou of the nutrient 
medium employed for the culture, cells cultivated in bouillon 
proving less capable of resistance than those of the samé species 
grown in milk. 

Several other explanations háve been given regarding the 
particular and more intimate reactions that occur in a bacterial 
culture exposed to the rays of the sun. Some observers adhered 
to the opinions expressed by iJownes, and attempted to show that, 
by exposure to sunshine, decomposition products are formed in 
the medium and act fatally on the bacterial cell. Support for 
this view is found i 11 the obseivation maJe by G. Roux (I.), that 
the destruction of the germ goes on much more rapidly when 
there is a concurrent admittaiíce of uir ; and an indicutiou point- 
ing in the samé direction is afforded by the fact, determined by 
R1CUARD8ON (L), that hydrogen peroxide — a substance highly 
poisonous to bacteria — is formed wlien sterilised urine is exposed 
to sunlight. On the contrary, other obaervers — Ward (I.) ii^ P^'- 
ticular — háve shown that the presence of such oxidising agents 
is not essential, but rather that sunshine alone sufiiccs to destroy 
the vitality of eveii the strongest bacterial spores. Probably in 
nátuře both agencies co-operate in producin;^ the samé results. 

The lastnamed investigator also examined more dosely the 
degree of influence exerted by the individual colours of the 
spectrum, and fouiid that, in the čase of red to green, this action 
is almost 7iil, increasing thence to its maximum at the violet end 
of the blue, and then falling away again in the violet and ultra 
violet rays. Acc«»rding to the researclies of Santorini and 
Geisler (L), a similar thougli less powerful injurious action is 
exerted by the electric light; and F. Minck (I.) has performed 
several experiments on the i-ffect of the Róntgen lays on bacteria. 

The anti-bacterial influence of sunlight is of the highest im- 
portance, especially in regurd to the self-purification of rivers. 
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As Í8 well known, the amount of organic matter and the number 
of bacteria in river-water (linnnish in prop<>rtioii as the water 
increases its distance from the point of contamination. Thís 
property, on acconnt of its hygienic nnd technical importance, has 
already formed the subject of investigatíon. Hans Buuhner (IV. 
and V.) in 1892 iK)inted out that all previous explanatious of this 
occurrence had omitted one factor, viz., the influence of light. 
He showed that a nalural water to which alx>ut 100,000 cells of 
Baderium coli conimune — an organism constantly nnd abundantly 
present in fceces — had been added per i c.c, contained, after one 
iiouťs sunlight, no living germs. To biin«: this action into speci- 
ally prominent notice, he poured pept«)nised meat-juice-agar-agar, 
inoculated with a copious supply of typhus bacil li, into Petři 
basins. on the under side nf which were aířixed the letters 
TYPHUS cut out of black páper. The basins were then ex- 
pof^ed to the sun's rays for one to one and a half hoiirs, oř to 
diffused day light for five hours, and afterwar«ls left in a dark room 
for twenty-four hours. On the páper letters being then removed, 
their form was fonnd to be niarked out by the thickly clustered 
whitish colonies com posed of tlie bacteria that had been protected 
from the fatal effects of suniight by the páper cover, and had 
consequently remained alive, wliilst tlie residual uncovered portion 
of th« medium was destitute of any such colonies. Fig. 29 is a 
reproduction oř the photograph taken by P>uchner from one of the 
plates. The samé result wa** obtained by illnminating the care- 
fully-closed culture basin under water. Experinients made in the 
clear waters of Lake Starnberg showed that the anti-bacterial 
inílnence of the suns rays extern Is to a depth of some two metres 
(about eighty inches) below the surface of the water. Theref«»re, 
to the already knnwn factors in the self-purifícation of rivers — 
viz., sedimentation, oxidising influence of air, consumption of 
filth by algae, S:c. — all of which are more concerned with alterations 
of chemical composition — must be nd<letl the influence of sunliglit 
in diminishing the numlíer of bacteria. A critical review of the 
most important laboiirs and researcheí* i)erformed in respect of the 
self-puriHcat'on of rivers is given by K Duclaux (V.). 

All the pathogenic Sdíizomycefes seem to succunib under the 
influence of suniight. This has l^een shown by Arloing and 
Ward i 11 respect of Bactlfus anthrans ; GaillarJ for B. tyj)hi 
afH{omÍ7ialú< ; Pansini for Vibrio chnlerce asiaime and a fun«;u8 
giving rise to white pus in wounds {StapkyJomccxis pyogenes 
albtis) ; Chmiliewski for the organism which induces the for- 
mation of yellow pus (St lyyogenp.s anreus), and the bacillus of 
erysipelas {Strepfncoccus eryfnpelatis) ; Rob. Koch for Bacili ua 
tubercúloítis ; Chrtrrin for the organism producing swine-erysipelas ; 
and others. Most of the non-pathogenic fission fungi also suc- 
cumb to the influence of light. Galeotti (I.) arranged a number 
of chromogenic species in the following descending series, the 
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firrt menihor uf nhich resists tbe nction of dilFaseij dRyliglit Lh« I 
Inngpst : fíaeUiu* nitier, Aíterocneeiut proilÍ<}io»u», Sareina rotea, I 
Haeillwi riolaeeiui, li pyoeyanttm, B. laeíiii trijlhroijentt, Accoril- I 
ing to lile rtMearebťd uf GBiUBJďEi-T (L). the Inst-named liaúon I 
íuiihiiB (loca nut )>ni(lt](.'e rp<l i^oloiiríni: mittt<;r nt nll wlien strungly I 
ÍllDininat«il. lí Ill-fii>IH (I.) nHcerbiinoil tlint tlie himiiioi 



TYPHUS 




bncl«rium, Phaínliwlerium tareuphilnin, (oimd on s[>onUiieoualjr 
phospboregcetil fleah, t^mporaríly loses its lighťpiodiiciiig power 
oti prolonged exposure in a light room. 

Great differencM in Buaceptibílity to aunshine ore oko ex- 
liiblted m the Sdtiinmyeetf*. Al llie extréme end of thfi BeňeB 
stoni) the [lurple bact«ria, eianijned raore trloiiely l>y Engelmum, 
which nlways sKťk out tlic raor« liigtily ilIiimtD!kt«d poaitious. 
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One of the species was named by Enqelmann (I.) Bacterium 
photomeiricum^ on account of its varíable susceptibility to the 
colours of the spectram and degrees of brightness. These 
organisms, which will be f ully noticed in a subsequent chapter, 
also display the phenomenon known as movement of alarm. If a 
microscopic preparation containing one of them in large numbers 
be illuminated in such a manner that the light rays can fall 
only on one sharply defíned portion, then all the roving bacteria 
collect within this space and biistle about briskly therein. If 
now one of them in its onward career passes beyond the circle 
of illumination into the dark portion, it stops instantly, and then 
retums by the samé road into the illuminated fíeld. This is the 
phenomenon of the movement of alarm. Consequently each 
sharply defined illuminated portion of the fíeld acts as a trap 
for the bacteria, from which they cannot escape until the illumi- 
nation has been altered. If a defínite form be given to this trap, 
6uch, for instance, as the shape of a W, and the dosely con- 
gregated cells be fíxed and stained in this position, then a so-called 
iMCterial photogram^t.e. a coloured picture of the trap, composed 
of the organisms themselves — is obtained. 

§ 63.— Influence of Mechanlcal Shock. 

The fírst to inquire whether the vitality of lower organisms 
«an be influenced by agitation was A. Horyath (I.) in 1878. 
He made his observations with bacteria because he assumed thut, 
on account of their small size, the possibility of mechanical injury 
(rupture) due to agitation would, in the čase of these organisms, 
be reduced to a minimum. On gently agitating bacterial cultures 
(in Cohn's nutrient solution) he was unable to detect the mani- 
festation of any retarding influence on the growth of the organism. 
The results were, however, difierent when the sample was made 
to undergo, by means of a shaking machine, about a hundred move- 
ments — in a direct line and of an amplitudě of about 10 inches 
(25 cm.) — per minuté. This treatmeiit for a period of twenty-four 
'consecutive hours diminished the reproduction of the bacteria in 
•question ; and when continued for forty-eight hours, the agitation 
proved fatal. On the basis of his researches Horvath formulated 
the opinion that " for the development of the living organism, or 
the physiological reproduction of the elemente constituting the 
•organism, a certain degree of repose is necessary," meaning thereby 
that rest mainly favours, whereas movement injures, reproduction. 
This generál isation was opposed by Náqeu (II.) and £. Ch. 
Hansen, the former of whom ďrew attention more particularly to 
the reproduction of algse living beneath large waterfalls and 
iCxposed to much more violent agitation than was eflected by 
Horvath's shaking apparatu& 

In 1879 ^* Čh. Hansbn (I.) instituted experiments in order 

YOL. I. F 
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to test Horvath's asdertions. Working with beer yeast {i.e. i 
bacteria), he ascertained that this organism developed better wh 
the liquid (beer wort) was set in motion by stirrers. Tbe p 
bability of this favourable influence of movement being due 
aeration is, according to Hansen, inadmissible, this latter e(f< 
having been but slight 

A year later the question was taken up by J. Reinkb (J 
An objection raised by Nageu (II.) led him to try the effects 
movements more nearly approximating in amplitudě to molecu 
movements than were those produced in Horvath's experimen 
To this end he made use of sound wavea, the end of a metal r( 
caused to emit sound by friction, being immersed in a glass fíll 
with Cohn'8 uutrient solution containing bacteria, and there 
transmitting the wave-motion to the liquid. The experimei 
showed that a considerable restriction, but not cessation^ of groi^ 
occurred. From this Reinke concluded that "if it be assum 
that the molecules of living protoplasm are endowed with specj 
vibrátory movements, the idea appears feasible that when th< 
specific molecular vibrations are crossed by other molecular motic 
of extemal origin, the vital functions of the protoplasm will 
weakened." 

The labours subsequently made public by L. Tumas, C. Ros 
H. Buchner, H. Cramer, H. Miquel, H. Leoně, A. Gártner, 
Schmidt, and others, did not produce anything having a matex 
bearing on this question. A treatise by H. Russell (I.), w 
worked with Montlia candida, Saccharomyces mycoderma^ a 
Oidium al/ricans, and found that the form and dimensions of 1 
cells are but little altered by agitation, and that the percentage 
germs in agitated samples is almost double that in samples 1 
at rest for the purpose of comparison, is, however, worthy 
mention. 

The results appear to contradict one another. It should, hc 
ever, be remembered that the experimenters who obtained favo 
able results with agitation subjected their cultures to comparativ 
gentle movements, whereas the motion set up by Horvath "% 
violent and prolonged. The conditions of his experiment w 
first repeated by S. Meltzer (I.) in 1891, who worked chie 
with Bacillus megathertum. He made numerous experimente, 1 
we will only draw attention to those that gave results in advai 
of those previously obtained. A New York minerál water woi 
placed at Meltzer^s disposal their agitátor, with which appara 
he was enabled to subject the test samples to 180 reversed mo 
ments — of an amplitudě of 15J inches (40 cm.) — per minuté. 1 
fiasks employed were only one-third full. Meltzer found that 1 
number of germs (ascertained by the plate method) in the agita 
example in no instance amounted to as much as one-tenth 
those in the unshaken check samples ; and was, in fact, alm 
invariably smaller than at the commencement of the experime 
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The restritítion of re^roductioD thus iniliťuted increoMd wilh the 
duratioQ of the treutment, ao tliat by ihia laeana the liquid could be 
cotupletely freeil from germa. The elfett was cven more poweríiil 
wheii at«rilised gla$s bends were adiled before commencing the 
operstioD, the complete aanihUation of llie germa being accom- 
plished under these conditions by teii hours' Hgitaliun. In uldi- 
lioa tu B. megailiKriuvi, Mcltzer ulso íncluded d niicrococcus (pre- 
BUiubly M. rmliatug, Fltigge) and a short motile bacillua {albusf) 
in the scope of hia investigationB. A difTetence in tlie degree of 
TeBÍatance tu this kind of iiihibition ia inhereiit in these oi^anisms, 
since it woa foimd jx)8sib]e to succcBsively elimiiiate each form 
from a, mixture of the three species. H. i/iegalhtrium, aa the most 
suaCBptible, disappeared firat, and was foUowed, in order. by Micro- 
eoeeva radt-iltts nnd fíacillut albus. The cella were. iia a result 
of the shaking, split up, aut into visihle débris, buC into an in- 
dia tingu i shahle lÍDe powder, a circiimstance showíng that the 
destruction of the vitality of the cell waa not the reault of a coarss 
machanical disruption, hut waa dne to a nmcli more reliiied pro- 
cess ; aa was, in fact, shown by the further researches mnde by the 
Bune obeerver. He left several flasks containíng culturee of B. 
megatherium or D. atibftlis in solutiona of commoii salt, lo atand 
for several daya in the engine-houae of a large New York btewery, 
wherein, ín consequence of the unintemipted working of the 
engioe, an íncessant vibration was produced throughoub the rooni. 
After font daya all the germa in the several flasks were dead, 
whilst energetic repioduction had proceedeil in the ciieek aamples 
placed in a i^uiet spot. Conserjuently, not only violent shocks, 
but also minuté vibrations, exhibit the powec of retartUng the 
growth of bacletia, and even kiiling the organiam. 

Motion may, however, also exert a favourable influence, aml 
eapecially wLen it ia compamtively weak, reproduction being 
thereby acc«terated, aa hoa been moie particularly demonstrated in 
the coae of B. ruber, Meltzer therefore arrived at the followíng 
conchiaiona : Slight coocnsaion favoura the vitality of micro- 
organisma and haa a stimulative eíTeet, the rate of reproduction 
being higheat when the optimum of vibration is obtained ; but 
from thia point onwards the restrictíve efiects of concussion be- 
come manifest. The constants of optimum and maximum eflect 
hftve difTerent values for dilTcrent organiama. That degree of 
concuasioQ which ia injurioua for one apecies may be favourable to 
a aecond, and witbout any apprectable effect on a thírd. Tliia 
explains the contradÍKtory reports mude by the pioneera in this 
field, each of ^vhom experimeiitcd on difTerent organísins. 

The influence of gr&vitj oti the direction of growth, which 
comee into play in the higlier planta, and the efTects of which 
are known in Vegetahle Phyaiology aa geotropism, haa aUo 
been observed Ín the Schizaniyceteii. Botce and Evans (I.) found 
that verticaily diaposed puncture-cultures of Baclerium Zopjií in 
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nutríent gelatin iirranged themselves in the form of a feather, and 
in such a maniier that the individual rays grew in a slanting 
uptoard direction. When the tubes containing the cultures were 
placed radially on a rapidly-revolving horizontál glass disc, the 
vegetation then developing assumed an appearance corresponding 
to that already deacnbed, the individual rays, which extended 
from the axis of the puncture, formed acute angles therewith, 
the apertures of which were reflected towards the centre of 
the disc This species therefore exhibits negative geotropism. 
Bbtbrikck (III.) — erroneously, as the author conceives — has 
•denied this fact 

The lower fungi generally, and bacteria in particular, remain, 
within wide limits, unaffected by high gaseous pressure. Thus, 
ScHAFFER and Freudenrbich (I.) and others háve inoculated 
fiamples of milk with different bacteria (those of anthrax and 
typhus among them), and then exposed them for seven days to 
•carbon dioxide at a pressure of fífty atmospheres, without being 
'Eble to cause any appreciable injury to the organisros. Similar 
behaviour was also observed with oxygen under a pressure of 
twenty-one atmospheres, prolonged for a week. There is, therefore, 
no reason for hoping that liquids which are injuriously affected by 
heat can be sterilised in the cold by the aid of gas (COg, O, air) 
under high pressure. For exhaustive experiments on the infiuence 
•of high gaseous pressure on living creatures generally, and the 
pathogenic Schizomyceies in particular, we are indebted to Paul 
Bert. 



CHAPTER VIII. 

BACTERIA IN THEIR RELATION TO ONE ANOTHER. 

§ 64.— Symbiosis, Hetabiosis, Antagonlsm. 

It Í8 only in exceptional cases tbat a sample of a natural liquid 
contains but a single species of micro-organism when in a statě of 
fermentation. Nearly always we háve to deal with a mixture of 
several species, the separation of >vhich one from another, and 
the reproduction of the isolated individuals, is termed pure cnl- 
tiTation. A liquid or solid nutrient medium inhabited by a 
single species is called a pnre cnlture, the methods of prepnring 
which vriW be considered in the next section. 

When two or more species are simtdtaneoiLsly engaged in the 
consumption of a given nutrient medium, their association is termed 
SymbioBis. A couple of examples will serve to make this clear, 
one of them being the Kephir gramiles, which will be described 
in a later chapter. These granules chiefly contnin two classes of 
organisms, lactic acid bacteria and yeasts ; and when introduced 
into milk the físsion fungi generate acidity, whilst the yeasts 
decompose a portion of the milk-sugar and produce alcohol and 
carbon dinxide. In this way an acid, foaming liquor known as 
" kephir " is obtained. A second, cognate example is afforded by 
the gingerbeer yeast, investigated by Ward (II.)) and ušed in 
England for making gingerbeer. This is another instance of 
symbiosis, viz., the association of Saccharomyces pyriformis with 
a físsion fungus, Bacterium vermifoi^mej the latter of which — as 
is described in Chapter xxv. — induces lactic fermentation in 
(spiced) cane-sugar solutions. 

The mutual relation of two or more species contained in the 
samé culture may, however, be such that the one species, by the 
exercise of its vítal functions, renders the nutrient medium suit- 
able for the growth of the second species. This preparatory func- 
tion of the one species may consist either in the absorption and 
elimination of certain constituents of the medium which retard 
the development of the other species, or in the excretion of 
certnin products otherwise lacking in the medium, and either in- 
dispensable or highly favourable to the other organism. This 
kind of dependence was styled by Garrě (I.) Metabiosis, an 
excellent example of which is afforded by the decomposition set 
up in natural wine-must. If this be allowed to stand in an open 
vessel as soon as it comes from the press, a decomposition charac- 

terísed as alcoholic fermentation rapidly sets in. The skin of the 
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grape Í8 the habitat of an nbundunt flora of íungi, which are intro- 
duced into the must in the operation of pressing. Of these 
(exceptional instances apart), the organism exciting alcoholic fer- 
nientation is the fírst to develop, because the constitution of the 
must favours it the most, the result being that the sugar therein 
contained is split up, and carbon dioxide and alcohol are produced. 
When this decomposition is effected, the character of the liquid 
has become changed, and now a new species, exciting acetic fer- 
mentation, comes into play. This organism was alread}' present 
in the must, but could not niake headway against the predominant 
yeast, because, in the fírst pláce, the alcohol, without which it feeds 
but indifferently, was lacking. Secondly, even had this substance 
been present, it could not háve been utilised, because of the atmos- 
phere of carb>n dioxide, immediately above the liquid, preventing 
the free access to the latter of the copious supply of oxygen with- 
out which the oxidation of the alcohol cannot proceed. Now, 
however, that both substances are present, the liquid commences 
to undergo a second alteration, and turns sour, the acetic acid 
bacteria being now on the surface ; and this condition endures so 
long as there is any alcohol left. When this is exhausted, a third 
group of organisms comes to the front, thread fungi establish 
themselves in the strongly acid liquid and consume the acetic 
ncid, carbon dioxide and water being found. This accomplished, 
the once again altered nutrient medium is attacked by putrefactive 
bacteria, which háve been carried into the vessel along with the 
dust in the atmosphere, but can only develop now that the alcohol 
and acid, which are poisonous to them, are wanting. Tlie liquid 
is seized upon by these ScJiizomycetes, and, with their activity, the 
series of metabiotic phenomena which the wine-must presents to 
our notice closes. 

The mutual influence of two or more species may be of such a 
nature that it is impossible for them to live together, the presence 
of the one species retarding the development of the other. This 
set of conditions is termed antagonism, a number of examples of 
which will be given in subsequent sections. 

§ 65.— Hixed Cultures. 

When a nutrient medium is inoculated with two oř more 
species of symbiotic organisms, we obtain a mixed cultnre. Such 
a culture may, under certain circumstances, yield fermentation pro- 
ducts that cannot be obtained from any of the component species 
cultivated singly, but owe their origin partly to the coalescence 
of the normál products of the individual species, and partly to the 
reciprocal stimulative action exerted by the associated organisms. 
A few highly instructive examples of this are given below. 

The fírst of these — which was discovered by Nencki (I.)— is 
afforded by the bacillus of symptomatic anthrax (RamchbraTtd) 
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and Micrococcua acidi panUacticú Fuller informatíon conceming 
the individual behaviour of these two ScJiizojnycetes will be found 
in subeequent paragraphs, which we will here anticipate in respect 
of the fact now coming under consideration, viz., that the fírst- 
natned bacillus yields, in nutrient solutions containing cane-sugar, 
the following fermentation products : hydrogen, carbon dioxide, 
normál butyric acid, and inactive lactic acid. On the other band, 
Mierococcus acidi parcdactici fonns, almost exclusively, optically 
active paralactic acid, and that, too, in a quantity almost identical 
\vith the theoretical yield from the sugar eliminated. K, now, 
both these organisms be cultivated together in the nutrient solu- 
tion aforesaid, fermentation proceeds much more rapidly, and the 
finál products consist not only of the already mentioned substances 
(yielded by the organisms singly), but also of a lai^ge amount of 
normál butyl-alcohol. This substance, therefore, owes its pro- 
duction in this čase to the co-operation of two species of bacteria, 
neither of which singly is capable of such power. 

Interesting as this fact, that new fermentation products can be 
formed by the assooiation of organisms, may be, the following one, 
which was fírst established by Burri and Stutzer (I.), is so in a 
still greater degree. In this čase two organisms are concemed, 
neither of which is capable singly of liberating nitrogen from 
nitrates; but, when acting conjointly, they decompose the samé 
nutrient medium with violent disengagements of ga§. The one 
organism is the Baderium cóli commune, already mentioned, and 
very abundant in human fseces and that of domestic animals, 
whilst the second microbe was named by the above-named natura- 
lists Baeilltut denitrificana /. A bouillon containing three grams of 
sodium nitráte per litre, inoculated with both these organisms and 
then maintained at 32° C., began to disengage gas in a short time, the 
nitric acid in the nitráte being reduced to nitrogen so completely 
that) even at the end of forty-eight hours, the extremely delicate 
test with di-phenylamine-sulphuťic acid gave only negative results. 

Apart from the purely scientifíc interest excited by these facts, 
new vistas are also opened up in a practical sense. Up to the 
present, investigators háve contented themselves with the examina- 
tion of the transformation products resulting from the pure cultiva- 
tion of single species of bacteria. In future researches, however, 
the question whether or not a species can be spurred on to more 
extended activity by the collaboration of a second, so as to give 
rise to the development of powers which, without such stimulant, 
would remain unobserved and unutilised, cannot be neglected. 

This claim is not restricted to the domain of schizomycetic 
fermentation, but applies also to the ferments of the Eumycetes 
class. The mode of action exhibited by mixed cultures of dif- 
ferent species of yeasts is of great importance in brewery and 
distillery practice. In this connection we are already in posses- 
sion of several studies by K Ch. Hansen and others, the results of 
which will be considered in a subsequent section. 



CHAPTER IX. 

CLASSIFICATION OF THE BACTERIA. 

§ 66.— First Attempt by O. F. HůUer. 

It has already been mentioned in the Introduction (§2) thai 
Leeuwenhoek observed bacteria as far back as the end of th( 
seventeenth century. For a long time, however, nothíng more wai 
doně than merely to admire the appearance presented by thes< 
organisms under the microscope ; and since many of them wen 
observed to exhibit brisk movements, they were considered ai 
animals and denominated antmalcula. 

The fírst to study these organisms from a scíentific standpoint 
and to arrange and systematise the multitude of forms, some o 
which were already known, while others were discovered and de 
scribed by himself, was the Danish investigator Otto Friedricl 
MUller of Copenhngen. In his important work ** Animalcula in 
fusoria fluviatilia et marina/' published in 1786, all the smál 
animals unsuitable for inclusion in Linnaeus^s sixth class, Vej^mes 
were classed by him under the name of lufusoria (infusioi 
animalculse), and he divided these into two main groups : tho» 
provided with external organs and those devoid of samé. He alsí 
originated the generic names, Vihrio^ MonaSy and Próteus, stil 
in use. 

The next worker to whom we are indebted for importan 
conclusions respecting the character and species of bacteria i; 
Christian G. Ehrenberg. In his work " Die Infusionstierchen al 
vollkommene Organismen" (The infusoria as perfect organisms) 
published in 1838, the generic names Bacferium, Spirochate, am 
Spiríllum first occur. He also classed all these organisms witl 
the animal kingdom, by reason of their (frequently very active 
spontaneous motion. 

It was left to the Breslau botanist Ferdinand Cohn (V.) U 
ascertain, in 1853, that the organisms we now know as bacterii 
are of a vegetable nátuře. This he established by proving th( 
lack of animal organisation, and also from the fact that thes( 
creatures increase by subdivision after the manner of the algae 
from which they differ, as he says, merely in one characteristic 
the absence of chlorophyll. Four years later, Náqeli (V.) be 
stowed on these organisms the name of Schizomycetes, which the; 
still retain. 
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§ 67.— Cohn's Classiflcation. 

The first point was to bnng the confusion of forms into order. 
What characterístic should be takeu as a guide theretol Were 
there several at disposa} on which one could rely 1 These ques- 
tions CoHN (I.) may well háve asked him^elf when, in 1872, he 
felt himself iropelled to attempt a classification of the bacteria, 
and fínally thought his object attained by the following systém : — 

I. Spkarobacteria, globále bacteria. 

Genus i : Mícrocoecuf, 

II. Mierohaeteriaf short rod bacteria. 
Genas 2 : B<ieterium. 

III. Desmobcuteriat thread (long rod) bacteria. 

Genas 3 : BaeiUut. 
Genus 4 : Vibrio. 

IV. Spirobacteria^ spirál bacteria. 

Genas 5 : SpiriUum, 
Genas 6 : SpirochceU. 

The sarcina organisms háve no pláce in this sy»tem, because 
Cohn did not consider them as belonging to the íission fangi. 

As may be seen, the basis of classification employed was the 
fonn of the cells, i.e. their form of growth. However, since 
methods of pure culture were then undiscovered, the diagnosis of 
the individual species was as yet inipracticable, and the question 
whether the form of the cells in each species is dcfínite and un- 
changeable was, in particular, still unsolved. The answer to this 
question is, nevertheless, of vital importance to the Cohn systém, 
and, if negative, canses it to break down (as was subsequently the 
čase). The weakness of the systém was recognised by Cohn him- 
self, and he particularly stated that his classification was only a 
provisional one. A number of over-zealous disciples, however, 
overlooked this reservation, and, by degrees, expounded the systém 
as meaning that each separate species has a single well-defined 
and invariable cell form ; the one species appearing only as short 
rods, the second only as cocci, and so on. This constitiites the 
theory of constant form, also known as Monomorphism. 



§ 68. — Billroth's Coccobacteria Septica. 

The exaggeration resulting from the misapprehension of Cohn's 
attempt at classification soon brought about a corresponding 
reaction. In proportion as assiduous microscopic research re- 
vealed the certainty that bacteria do undergo changes of form, 
80 the hasty assumption of monomorphism of species had to be 
given up. In 1852, Perty (I.) had already observed a short-rod 
bacterium, which, on account of its faculty of changing into the 
thread form, he named Mefallacter. Twenty-one years later 
Lanubter (I.) studied a species of red-coloured bacterium, named 
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by him Bacterium rubescens, and observed that, under varíed con- 
ditions of cultivatioD, its cells underwent diíferent modifícations 
of form — an observation ivhich led him to děny that speciíic 
constancy of form existed. He would thereby háve anticipated 
subsequent decisions had the basis on which he relied proved free 
írom objection. This was, however, unfortunately not the čase, 
and, indeed, such a condition was at that time unattainable owing 
to the lack of irreproachable and reliable niethods of cultivation, 
without which, and ihe resulting pure cultures, the problém in 
question cannot be solved. A culture intended for modifícation 
experiments may, when exaniined under the microscope, present 
a perfectly uniform appearance, and nevertheless contain a few 
unnoticed individuals of another species, which by their rapid 
increase when transferred to a medium favourable for their de- 
velopment may lead to the erroneous supposition that a second 
and modified form of growth has been produced. By another 
re-inoculation a third species may be brought into prominence, 
and so forth. 

A very instructive example of the possibility of similar self- 
deception is aíforded by Libter^b (I.) striking experiment. He 
allowed ordinary milk to become sour spontaneously, and then 
introduced a drop of the liquid into boiled milk, beet-extract, and 
into urine ; from thence into Pasteur^s nutrient solution ; thence 
into urine again ; and iinally back again into milk. Finding, then, 
that from identical sowings ditferently shaped cells made their 
appearance in the various media, he concluded that he had to do 
with 80 many changes of form of one and the samé organism, 
which, on account of its origin, he named Bacterium lactis, 

It must not be understood that similar errors were confined to 
the island of Britain ; on the contrary, they attained their culmi- 
nation on the Continent in the assumptions of Hallier (I.) con- 
cerning the metamorphosis of one fungus into another. It need, 
therefore, be small matter for surprise that the Austrían surgeon 
Th. Billroth (I.), in a comprehensive work published in 1874, 
not only attributed all infectious diseases to the agency of a single 
species of bacterium, susceptible of multiform modifications, but 
also considered all known bacteria generally as vegetation forms of 
tliis one species, viz., Coccobacteiia septica, This observer was 
supported by the botanist Náoeli (VI.), in so far that the latter 
declared that no necessity existed for the di vision of the bacteria 
even into only two specifically different forms. This opinion he 
still maintained in 1882, notwithstanding the appearance in the 
interim of a work by Cohn coiitaining a number of fresh data 
calculated to complete and support the theory of ditference of 
species in bacteria. This treatise has already been nientioned in 
§ 24, because its author upheld the relationship of the fission fungi 
to fission algse and advocated their collection into one group, 
" hizophytes. As at present, however, we are not concerned with 
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the relationship of the Schizomycetes to other organisms, but with 
the separation of the former into genera, we must coníine ouiselves 
to lemarking that the new classifícation in the eaid treatise rested 
too exclusively on morpliological characters to be of practical value. 

§ 69.— De Bary and Hueppe's Classiflcation. 

Gradually an accumulation of facts arose which afiforded a basis 
5¥hereon a new systém of grouping the físsion fungi was attempted. 
Differentiation l»sed on cell form only was still considered justifí- 
able Qp to 1878, but could no longer be maintained in the face of 
incontrovertible observations made, in the course of the foUowing 
years, with absolutely pure cultures of various species of bacteria, 
and all leading 
to the samé 
conclusion, that 
mntability, ue. 
modification of 
form, unques- 
tionably does 
occur in the 
físsion fungi. 
This know- 
ledge is the 
result of vari- 
ous researches, 
amongst which 
may be men- 

tioned : in 1 879, ^^^' 30^- Bacterium meriamopedloldes. 

that of E Ch ťound lu the mud of the river Panke (Berlin). 

HaNSBN ťll ^ on '• -^ thread form breaking np Into : a. long rodi; 3. thort rods ; 
n M ' M* 4* cocci ; 5. a chain fonned of rods of diíTeřent lengths. 

Bactertum acett (A/ur Zopf.) Magn. 700. 
and B. Pasteur- 

tanum; in 1882 those of W. Zopf (III.) on Bacteríum merúmo- 
pedioides (Fig. 30), and by H. Buchner (VI.) on Bacillus suhtilú ; in 
1883 that of KuRTH (I.) on Bacterium Zopfii (Fig. 31), afterwards 
also examined by H. Schedtler (I.) ; in 1885 that of G. Hauber (I.) 
on a few species of putrefactive bacteria of the genus Próteus ; 
and others. The adherents of Koch at fírst unconditionally 
opposed the theory of the pleomorphism of bacteria ; but, not 
being able to sustain this view in the face of the facts brought 
to light, they then asserted pleomorphism to be peculiar to the 
non-pathogenic bacteria. £ven this restrícted assumption has, 
however, given way since undoubted pleomorphism was proved 
in 1882 by Archanqel&ki (I.) and Roloff (1.) for Bacillus 
anthrads, and by Friedlander for Pnewnwhacilhis (§ 33) ; in 1 883 
by Th. Ehlebs (I.) for the Rausclibrand bacillus (of symptomatic 
anthrax); in 1889 by K Mbtschnikoff (II.) for his newly dis- 
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covered pathogenic Spirobacillus Cienkowskii (of Daphnia magna) ; 
and in 1892 by F. Fibchbl (I.) for Baeillua tubereulasis. It may 
be remarked en passarU, that Metschnikoff prefaced the report of 
his discoveries with a short review (well worthy of perusal) of^the 
development of the pleomorphism theory. 

At the end of the " seventies " Cohn had established beyond 
doubt the ability of certain fisaion fungi to produce endosporea, 
and thereby obtained reliable nieans of diŠerentiation. Věry 
80on after, De Bary showed that several of the species which do 
not form endospores protéct themselves from injurious influences 
in another way, viz., by the formation of arthrospores. Hence a 
classification was devised in 1883 by Van Tieohbm (IL), which 
was further developed by De Bart (I.) and Hukppb (II.), in 




Fio. 31.— Bacterium Zopfli, Kurth. 

Oradual changes in the aame thread observed under the microacope. 

[A, thread without apparent articulation ; B, breaking up into rodt which ttnally fonn 
cocci in C ; a-e are corresponding cella. (A/Ur Kurth.) Magn. 740. 

1886, and in which two main groups were recognised, viz., the endo- 
spore- nnd arthrospore-fomiiDg bacteria. The second group also 
comprises all the species in which the formation of reproductive cells 
has not yet been observed. Fuller details of this systém can be seen 
in Hueppe'8 treatise, but the systém need not be further developed 
here, as it has not yet been generally accepted in scieiitific circlea 

For fuller information regarding Van Tieghem's systém, as well 
as for particulars relative to ihe systems proposed by P. Miquel 
and by Woodhead in 1891, which may be properly designated as 
" diagnostic tables," reference may be made to Ward'8 (III.) readily 
iccessiblo and comprehensive treatise. The new systém published 
by W. MiGULA (II.) in 1896 may also be simply referred to. 

In this connection there remains only one remark to be made, 
concerns the term BaciUns. This word has been hitherto 
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employed by us to designate only a well-defíned form-phase of 
cell, viz., the cylindrical bacterial cell, the length of which is at 
least double the breadth. Uueppe's systém, however, applies the 
^neric name BacUlus only to such rods as háve been proved 
capable of developing endospores. This defínition has not yet 
been accepted by the majority of bacteriplogists ; hence it happens 
that newly discovered rod-shaped species of íission fungi are still 
occasionally assigned to the genus Bacillus^ although the describcr 
may háve no knowledge whatever as to their capability of forming 
endospores. The author has not considered it within his province 
to change this nomenclature, and therefore this fact must be borne 
in mind in perusing the present ivork. It should also be re- 
membered that in the folio wing paragraphs the generic name 
BacUlus — Hueppe's defínition notwitlistanding — means nothing 
more than that the species of bacterium so entitled exhibiis, pre- 
ferentially and under nonnal conditions^ the bactllus foi*m ofgroioth, 
A comprehensive collection of the relative dimensions and 
forms characteristic of growth in various nutrient media, &c., 
of about three hundred species of físsion fungi was prepared by 
EiSBNBERG (L), and may be advantageously employed as an aid to 
determining whether any species under examination is identical 
with any knovvn species. A descriptive table of eighty-seven 
of the bacteriu of most frequent occurrence in drinking- and 
utilisable water is given by Adametz (I.). Reference may also be 
made bere to the very valuable book of Tibmann and Gártnkr (I.) 
in connection with the bacteriological analysis of water. Frank- 
LAND and Ward (T.) give a comprehensive account of the literatuře 
published up to the year 1882 on the bacteria occurring in natu- 
ral and minerál waters, and a comparative iuvestigation into the 
distríbutioii of a number (twenty-eight) of well-known bacterial 
species in various well-waters has been made by W. Mioula (III.). 

§ 70.— Pathogenic, Chromogenic, and Zymogenic 

Bacteria. 

The attempts hitherto made to obtain a method of classifíca- 
tion of bacteria háve always been ,restricted to the morphology of 
the orgauisms themselves. It will now be well to remember that 
the attention of Applied Mycology is preferentially directed to the 
influence exerted by the fungi on their nutrient media. The 
interest aroused by these orgauisms has always, from the outset, 
had its practical side. Bearing this in mind, it will be readily 
conceivable that, long before the establishment of Cohn'8 fírst 
classitícation, there had appeared in the literatuře of the subject a 
division of bacterial species into three main groups : pathogenic, 
chromogenic, and zymogenic bacteria. 

It is quite unnecessary to remark that this grouping is just 
as íaulty as the division of the Sehizomycetes into cocci, bacilli, 
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and thread bacteria. Nevertheless it was exceedingly convenient, 
as it was based on sonie well-marked primary characteristics. If 
tbe físsion-fungus in question excited any form of disease in men 
or anímals, it was referred to the pathogenic group ; if it possessed 
the faculty of producing colours, it was relugated to the category 
oí chromogenic bacteria ; and if it exhibited a capacity for et1'ect> 
ing those chemical changes which were comprised in the term 
" fermentation " (§ i ), it was considered as symogenic. A strict 
adherence to this method of partition is iropracticable, because 
there are some bacteria which, on account of their range of 
activity, would háve to be placed in two, or even all three of 
these classes. A large number of examples could be adduced iu 
support of this assertion ; it will be sufíícient to cite merely a 
single one, viz., Staphylococcui pyogenes aureua^ the cause of 
osteomyelitis (bone caries) and therefore pathogenic. However, 
since it also, as its nnme implies, produces a golden-yellow colour- 
ing matter, it is also chromogenic ; and, finally, from its power of 
setting up lactic fermentation in suitable nutrient media, it is 
therefore also zymogenic. 

From this example it will be evident that the domains of 
Pathological and Technical Mycology cannot be rigidly kept sepa- 
rate. On the contrary, their furtlier coalescence will undoubtedly 
result — and that soon, we hope — in proportion as fermentation 
pliysiologists acquire a greater insight into the chemical changes 
effected by bacteria, and pathologists determine the precise action 
the bacteria exert on the organs of animals and plants. A fine. 
but unfortunately still very isolated, example of the successful 
combination of these two fíelds of research is atforded by the 
labours of L. Nenc^i (I.) on the bacterium which is the cause both 
of " blown " cheeses and of inflammation of the udder in the cow» 

The distinction between chromogenic and zymogenic bacteria 
can also be further maintained, not because there is any essential 
reason for it, but because there are certain species of Schizomycetes 
which are interesting to the technicist solely becau?e they produce 
colouring matters. 

So far as the zymogenic bacteria, in the narrower sense of the 
term are concerned, i.e, those either cultivated, or dreaded, on 
account of the chemical changes they produce, there íb the samé 
need for a well-established consistent classiHcation as in the two 
groups just noticed- The changes effected by them are expressed 
in terms having reference to the predominant fermentation pro- 
ducts ; hence it is we speak of the bacteria of lactic fermentation, 
acetic fermentation, and so on. This purely practical method of 
classifícation will be adopted in the descríption about to be given. 
Before passing thereto it will, however, be necessary to consider 
the methods practised in the examination of these organisms, this 
knowledge being essential for the study of the organisms them- 
selves. This will form the sabject of the two foUowing chapters. 



SEOTION III. 

PRINCIPLES OF STERILISATIOX AND PURE 

CULTIVATION. 

CHAPTER X. 

METHODS OF STERILISATION. 

§ 71.— Sterillsingr. 

To sterilise an object, e,g, & nutrient solution, piece of apparatus, 
&c., means to treat it in such a manner that it no longer contains 
any living genus, and is thereíore sterile. 

The reader must not expect to find in the present work a 
detailed descríption oí even the most important oí the methods 
of working adopted for this purpose. Those who háve an oppor- 
tunity of studying the methods of Technical Mycology in a 
laboratory devoted to Fermentation Physiology will leam all 
they need much more speedily and intelligibly from oral in- 
struction than from a printed book. On the other hand, those 
who háve access to the latter only will attain their object by 
the exertion of a little diligence in consulting the books referred 
to later on, and especially 

Hneppe, Ferdinand : Die Methoden der Bakterien-Farschung, 
5Íh edition, 1891, Wiesbaden (C. W. Kreidel). 

Lindner, Pani: Mikroskopische Betriehskontrolle in deii 
Garungsgeicerben, 1895, Berlin (P. Parey). 

In the fírst-named compendium the reader will fínd a better 
description than the present author could give of all the methods 
ušed in generál Microbiology. The second, very useful, work, 
treats, with great experience, a narrower field, wherein it will 
afford reliable guidance and help to the student on all matters 
relating to fermentation technology. In the newest edition (1895) 
of the work on water-analysis by Tiemann-Gártner (I.), already 
referred to (and which should be in every efficient chemical 
laboratory), the reader will also fínd descriptions of the most 
important manipulations and methods employed in sterilisation, 
pare coltivation, re-inoculation, &c, In selecting apparatus for 
installing a new laboratory for Fermentation Physiology work, 
the begiímer should seek the advice of an expert, and should 
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compare the illustrated catalogues of such firms as make the 
fiupply of these appliances a speciality, e.g. C. Desaga of Heidelberg ; 
Erhardt and Metzger of Darmstadt, &c. 

It is not our purpose now to give a detailed initiation into the 
\irork of a fermentation physiologisťs laboratory, but rather to 
describe, in bold outline, only so much as is necessary to facilitate 
the object of the present work, viz., the study of the character 
and modes of action of the organisms of fermentation. 

§ 72.— Freeingr the Air ft*om Germs. 

There are two chief methods by whicli liquid substances and 
gases can be sterilised, viz., either by killing the germs present 
therein, or by removing them by passing the liquid or gas through 
a Buitable íilter. The sterilisation of air on a large scale is effected 
exclusively by the latter method, the prototype of which was con- 
Atituted by the tubes, plugged with cotton-wool, first employed by 
Schroder and Dusch. The air is, therefore, passed through a cotton- 
vool filter, as it is termed, such a one being ušed, for example, 
to purify the air admitted to the sterilised wort in an apparatus 
for the pure cultivation of yeast. It will not be out of pláce to 
lay stress on the fact that such a filter will only work efiiciently 
provided it be thoroughly dry; otherwise the Eumycetes spores 
entangled therein will germinate and develop into long-thread 
cells, which will penetrate right through the fílter and quickly 
form new spores, so that the air at the end of the íilter nearest 
the wort is not only not freed from germs, but is probably richer 
therein than before. Attention to the air íilters must, conse- 
quently, not be neglected. E. Ch. Hanben (III.) has reported 
on experiments made by Poulsen concerning the time during 
which such filters continue, under normál conditions of practical 
working, to pass the air in a germ-free statě. 

The cotton-wool plugs with which, since the time of Schroder 
and Dusch, it is customary to close test-tubes, bottles, and flasks 
in which cultures of organisms or stores of nutrient media are 
kept, are simply small cotton-wool filters. They are especially 
brought into action when currents of air pass into the vessels as a 
consequence of the partial vacua formed within them by a lower- 
ing of temperature, the germs in which are retained by the plugs. 
The efficiency of the filter depends on its being kept dry. Its 
reliability is not, however, permanent, since, though the fission 
fungi are always retained, this is not the čase with the spores of 
mould fungi, which are so ahundantly met with in the air. These 
latter are very troublesome, as they often produce much mischief 
even when the mycologist has taken the greatest care. If the room 
in which the cultures are kept be free from moisture, then the cul- 
tures dry up very rapidly, which, in order to preserve their 
vitality, necessitates their being frequently re-inoculated into fresh 
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media — a tedioiu and unpleasant task. On the other hand, if the 
Burrounding air be too moist, then it not infrequently happens 
that the spores of the mould fungi on the suríace of the cotton- 
wool stopper germinate, and the resulting cell threads penetrate 
to the odier end of the plug and there form spores, which, falling 
into the culture, contaminate and spoil it. 

Various remedies háve been proposed to overcome this evil, 
one of them being a previously stenlised indiarubber cap, which 
is drawn over the mouth of the vessel (test-tube, &c) after the 
outer end of the stopper has been bumt away. This latter opera- 
tion must always be performed when one begins a re-inocolation, 
since the germs resting on the surface of the cotton plug are thereby 
annihilated, and consequently prevented from falling into the cul- 
tore when opened. Instead of the rubber cap, one can be made 
out of a double layer of fílter-paper tied on with a string ; many 
coltures specially requiring air are covered with a cap of this kind 
only, the cotton-wool plug being dispensed with. 

It is not essential that the working layer of the fílter should 
consist of cotton-wool, various other stuffs being employed for 
speciál purposes. Thus, for example, Pasteur, in carrying out his 
lesearches (referred to in § 7) on the organised bodies present in 
the atmosphere, passed the air through gun-cotton. This was then 
immersed in a mixture of ether and alcohol, which dissolved out 
the nitro-cellulose and left the entrapped organisms behind, so that 
ihey could be more dosely examined as to their sijse, form, and 
structure. This was the íirst micro-biological analysis of air. Of 
the numerous methods since proposed for the estimation of the 
number of germs in the air, that given by Frankland and Pbtri 
(I.), which is a successful modifícation of the Pasteur prototype, 
is the most suitable for the purposes of the technical mycologist. 
These observers deprive a measured quantity of air of its germs by 
passage through a iilter charged with sterilised glass powder or 
sterilised fine sand, the contents of the fílter being then intimately 
mixed with a gelatinised nutrient medium, and the whole poured 
into flat glass basins. The separate germs then develop into multi- 
cellular families (colonies). When counted, their number — re- 
ferred to unit volume — gives the germ content of the air. The 
difficulty in the way of studying the cultures, caused by the 
presence of the powdered glass and sand, can be overcome by 
subetituting a soluble fíltering medium, such as coarsely powdered 
crystals of sodium sulphate of about 0.5 mm. in diameter. This is 
specially recommended by Miquel (IIL), to whom (be it remarked 
en pasaanť) we owe the most comprehensive experimente on the 
percentage of germs in the air. Regular reports of his researches 
appear in the Year-Book (published annually since 1879) ^^ ^^ 
observátory established, under his direction, for studies of this 
kind, in the southemmost district of Paris. Readers are hereby 
referred to this Antrnaire de VObservatoiTe de MonUouriit, The 
▼OL. I. o 
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percentage of germs in the atmosphere of breweríes wos more par- 
ticularly investigated by £. Ch. Hanben (II.) ; and Petři (I.) has 
summarised all the methods of examination proposed up to 1887. 

The method, ••rigiually performed by Th. Schwann, of purify- 
ing air by exposure to a red heat, is at present ušed by fermentation 
physiologists in one instance only, viz., when working with the 
so-called Pasteur flasks. When liquid is poured out of the lateral 
tube — whether for the purpose of taking a sample oř for inocu- 
lating a similar flask with the contents — the air coming in in its 
pláce is purified by holding the apertuře or the fírst bend of the 
swan-neck tube in the fláme, i,e, heating it to redness. 

§ 78.— The Filtration of Drinking Water. 

The methods of sterilising liquids are various, but are not all 
equally suitable for any given čase. For example, the employ- 
ment of poisonous substances is precluded when the liquid to be 
sterilised is intended for human consumption, and the use of heat 
— which next suggests itself — is frequently inapplicable on account 
of the expense entailed. Such, for instance, is the čase with the 
drinking water of towns deriving their supply from a river. Under 
these circumstances a so-called sand-fllter is einployed, the true 
filtering layer of which is not the strata of sand and gravel, but the 
mud which is gradually deposited thereon. A fuller consideration 
of this subject, which belongs to the domain of Practical Hygieně, 
may be passed over the more readily since it has been treated in 
Tiemann-Gártneťs work already alluded to. This may be referred 
to, as also a very practical investigation performed by A. Reinsch 
(I.), bacteriological adviser to the Altona Waterworks. 

The filtráte obtained from such řilters intended for use on a 
large scale is, when the service is carefully regulated under bac- 
teriological control, found to be very low in germs, though not 
perfectly free therefrom. If it be desired to attain such perfec- 
tion — which is necessary in times of epidemie — other filters, of 
greater powers of retention, and correspoiidingly diminished dě- 
li very, must be resorted to, and employed solely for the water 
intended for human consumption. The prototype of tliese is the 
apparatus invented by Tiegel (I.) in 187 1, and subsequently 
(1884) improved, especially by Chamberland. In the form devised 
by the last-uamed, the effective constituent of the bacterium filter 
consiste of a candle-shaped hollow cylinder of hard-burnt, porous, 
unglazed porcelain (**biscuit"), with au effluent apertuře at one 
end, which, before use, is sterilised by dry heat. This candle 
(bougie) is enclosed in a somewhat wider metallic cylinder, the 
liquid to be freed from germs (the suspected potable water) being 
forced into the intervening space, and, řinding its way through the 
porous wall of the candle, collects in the interior of the latter and 
escapes through the aforesaid apertuře at the bottom. Fine kieseU 
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guhr (diatomaceous eartli) is employed by Nordtmbtbr (I.) and 
Berkefeld for making the candle, and Garros (I.) uses asbestos of 
fine fibre. The reliable working of this filter is, however, not 
illimitable, and that for two reasons : fírst of all, the pores become 
gradually obstructed by the íine, slimy deposite separated from the 
Hqnid, which necessitates the cleansing of the íilter from time to 
time ; secondly, the bactería grow by degrees through the pores of 
the fíter, a circumstance fírst observed by Bourquelot and Galippe. 
In some cases the pores of the fíltering candle are too large ; con- 
sequently, a germ-free filtráte is unobtainable. For testing the 
efficiency of the filter, the photo-bacteria cau, according to Bbyer- 
INOK (IV.)> ^ employed with advantage. A comparison of the 
capacity and efficiency of the Chamberland and Berkefeld systems 
was drawn up by (inter alia) Daohnjewski (I.), and the columns of 
the CentraJhlait fiir Bakteriologie contain numerons articles respect- 
ing the advantages and defects of the aforesaid apparatus. Mention 
should be made of the filter constructed by Breyer, which, accord- 
ing to an investigation made by Wiohmann (I.), acts satisfactorily. 
Plagoe (L) instituted exhaustive experiments in respect of the 
efficiency of all the known water-filters designed for use on the 
small scale. 

§ 74.— The Baeterium Filter in the Service of 

Enzymologry. 

In many instances the filter affords the sole reliable means of 
sterilising a given liquid ; as, for example, when a species of 
baeterium is to be tested with regard to its capacity of producing 
enzymes. For this purpose it is necessary to free the culture, 
containing any such chemically active substance, from germs, 
since otherwise it would be impossible to determine whether the 
chemical reaction obtained by means of the sample is eífected by 
the enzyme itself, oř primarily by the vital energy of the bae- 
terium. The sterilisation admittedly necessary in such čase cannot 
be etfected by heat, since this agency would at the samé time 
destroy the readily decomposable enzyme. There remains, there- 
fore, but one way open to us, viz., removing the germs by filtration ; 
and of the above-named apparatus (filters), there fóre, there is like- 
wise only one that is reliable and suitable for use for the purpose 
in view, námely, that of Chamberland. This is, however, un- 
fortonately expensive, and consequently not accessible in every 
laboratory. For this reason the pattern described by A. Koch (II.), 
which is both efficient and cheap, forms a welcome substitute. 

Whichever of the two appliances be employed, it must nevěr 
be íorgotten that, in its passage through the filter, the bacterial 
culture under examination is not only deprived of germs, but > 
may also, under certain circumstances, part with some of its 
chemical constituents, so that the equation: Filtráte = bacterial 
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eoltux^ - bacteria, does not always hold good. The filtering cylin- 
der, especially when ušed for the fírst time, retains yarying amoonts 
of the individual constituents of the liquid passing through it, a 
fact that was fírat recorded by Flúgge aud Sirotinin (I.) in 1888, 
and more dosely examined by Arloinq (I.) in 1892. We will, 
in thÍ8 pláce, merely refer to the oxidising influence of the air, 
obeerved more particularly by Miquel in the separation of urase 
írom cultures of uric-bacteria. It is therefore advisable to perform 
such iiltering operations in an atmosphere of pure hydrogen. 

[§ 76.— The Beer-Filters 

UBed in the brewery must also be briefly considered here, The 
object of these appliances is to render the beer bright, i.ě, per- 
fectly clear and transparent, when drawn from the storage cask 
and sent out to the purchaser. Under normál conditions this 
clarifícation is etfected in sufficient degree in the storage cask, and 
recourse should therefore be had to the íilter only in such cases 
where, by reason of defective treatment or other unfavourable 
circumstances, a turbid lager beer is to be made similar to a beer 
of standard quaUty. Such was the practice in Bavaria until a 
few years ago ; but since the great breweries in that country began 
to cater for the export trade, they háve had to conform to the 
tastes of their foreign customers, who judge the quality of beer 
by the eye, and would, without having tasted it, set it down as 
inferior if it were not perfectly bright Therefore, in order to 
render it acceptable to this large and continually increasing clientéle, 
the beer has to be passed through the filter. The South German 
connoisseurs in beer, who judge their beverage by the flavour, 
raised objections, and with reason, since filtration causes — apart 
from the exception aforesaid — au uncalled-for depreciation of 
quality. This applies primarily to the chemical composition, the 
filter removing from the beer sundry mucoid substances, extremely 
minuté in quantity and of as yet undetermined composition, but 
which, nevertheless, contribute to the fineness of the flavour, so 
that an experienced palatě can distinguish with certainty between 
a filtered and unfiltered beer. This defect, regretted though it be 
by connoisseurs, is, however, the lesser evil when compared with 
the dangers, from a biological point of view, that are obviated by 
filtration. 

Two main types of beer fílters are in generál use. The one 
constructed by Énzinger consists chiefly of a number of chambers, 
the walU of which are com posed of perforated plates Hned with 
thick filter-paper, speciál ly prepared for the purpose, and through 
which the beer is forced by compressed air acting on the storaga 
cask. The second type oř filter, recx)mmended for brewery work 
by Stockheim, contains as its acting ingredient purifíed (and there- 
fore tatteleas) cellulose of a felty nature. No objeetion can b* 
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against the use oí such appliances in exceptional casei, since 
by ihis means a clear filtráte is obtainable when all other methods 
of darifícation bavě failed to remedy turbidity. TbU deciaion 
muat, bowever, be amended wben it is a question of beer already 
in good condition, tbis latter of ten suffering, under sucb treatment, 
a conaiderable alteration (in certain circumstances) witb regard to 
ita flora, apart f rom tbe depreciation of flavour already alluded to. 
Tbe filter removea tbe yeast cella, but allows tbe (mucb smaller) 
bactería to slip tbrougb, so tbat tbe latter appear in almoet tbeir 
originál numbers in tbe tíltrate, wbere, moreover, tbey bavě free 
play, owing to tbeir previous competitors, tbe yeast cella, baving 
been got rid of. Tbis unfavourable modifícation in tbe relative 
<^ondition of tbe two classes of organisms becomes especially 
obječtionable wben a fíltering materiál tbat bas already been in 
use before is employed, witbout baving been sufficiently purified 
in tbe interim. In tbis manner tbe filtráte can be actually en- 
ricbed witb bactería, aa tbe autbor aacertained by experíments 
witb tbe Enzinger filter in 1894. 

Bespecting tbe wine filter iu continually eztending use in 
cellar managementy a f ull report oan be perused in tbe handbook 
issued by Babo and Maoh (L). 

§ 76.— Destroying Germs by Dry Heat. 

Stríctly speaking, tbe term "germ-free" sbould be applied 
only to sucb objects as bavě actually been devoid of germs from 
tbe beginning or bavě been brougbt into tbis condition by filtra- 
tion. In tbe language of bacteríological practice, bowever, it is 
also applied to objects wberein all tbe germs bavě been' destroyed 
and are only present in a defunct condition. Hence it would be 
more correct to say tbat tbe object iu question is '^free from 
living germs," but tbis distinction, being practically unimportant, 
is not generally drawn. 

For tbe destruction of germs a number of metbods are available, 
and may be classified into two principál groups : tbe one phyaical 
and tbe otber chemicaL Tbe former may be subdivided into 
germ-killing by wannth, electricity, light, mechanical concusaion, 
or, finally, by gaa nnder high presanre. We will confine our- 
aelves to tbe first of these five methods, tbe employment of tbe 
remaining f our being, for the purposes of tbe mycologist in generál 
and of tbe fermentation pbysiologist in particular, either too costly 
or too cumbersome. In so far, bowever, as tbeir influence is of 
generál biological interest, we háve already reviewed them in tbe 
preceding section. 

On the other band, sterilisation by heat is the method always 
resorted to, unless found undesirable on other grounds. Before 
giving it more detailed consideration, we must first ascertain which 
group of organisms exhibite the greatest tenacity of life and is 
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able to loiigest witliBtaud intluences adverae thereto. This gioup 
alone has to be bome in mind in testing the eUtcacj aud generál 
applicability oí a methttd of sterilisation ; eince, if the samé is 
capable of destrojing the organisma exhibiting the greatest power 
of resistance, it will certaialy, and much more quickly, depríve 
all tlie remaiuiug weaker ones of life. Od the other hand, when 
the contraiy is not ptoved, it must alwaya be ossumed that the 
object to ^x sterilised is infcsted with organisma of the higheat 
reBÍating power. 

These hardy organisms we are alreatly acquaioted with, námely, 
the bacterial endoapores, which in this respect háve no equal, and 
can therefore be made to serve as teat objects for Ueterraining the 
reliability of any germ-destroying process coming under exaiuina- 
tion. It has been already etated, in § 53, that ^at differences 
exiat in the resiating powers of the sporea of the various species of 
bacteria ; but of courae we háve only to také the sinmgest into 
coosideration. According to the investigations hitherto mede 
these are : among the non-pathogeníc varietíes, those species 
commonly known as the ba;— aud potato — bacUli; and among 
the pathogenic bacteria, the anthrax bacilll. Bearing this in 
mind, Robert Koob (L), the eminent medical Ijncteriologiat, 
employed aa reagent for testing the eflicacy of various diainfeo- 
taats sporea of anthrax bacilli, which, for greater convenience 
in application, he allowed to dry on ailk threads, 

The aiticles of metal or glass to be sterilised are placed ín a 
čase, formed od the pian of the drying-ovens ušed in chemical 
laboratories, wherein they are heated to 150° C. for au hour, 
Buring this time no diniinution of temperature is i>ermiaaible, 
because if such a fall occure, the labour will háve been beatowed 
in vain. Koch and WolffhCqel (I.) háve ahown that thero 
are bactcrial spores that are killed only after an exposure to air 
at 140° C. for three bourá. However, by an esposure to 150° for 
one hour we raay be sure that all the germs preaent háve been 
killed ; and air-filters fitted with cotton-wool (frecd from fat) 
are also sterilised by the sanie treatment, the cotton-wool assuming 
thereby a yellowiah to browniah coloration, Eoth the aperturoa 
oí such a filter raust háve beeo previously cloaed with pluga of 
cotton, which must not be removed until the lilter is about to be 
uaed. It Í9 necessary that glass articles should be dry hefore 
they are introduced iuto the hot-air aterilising apparatus, ainco 
otherwise they will crack. 

Sniall metal instruments, such as forceps aud inoculating 
needlea, as well as the gloss atoppers uaed for closing Fasteur 
flaška, can be conveniently purified in the fláme of a Buusen 
bucuer oř spirit-lamp. 
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§ 77.— Destroying Germs by Moist Heat. 

The opinion expressed in a fonuer chapter, that the seat of 
the higb powers of resistance enjoyed by bacterial spores is to 
be sougbt in tbeir membráně, is supported by tbeir behaviour 
towards the influence of warmth, in so far — as has been ascertained 
by numerous experiments — that^ under otherwise identical con- 
ditions, moist heat, e,g, in the form of steam, exerts a more 
YÍolent action and kills them much sooner than dry heat at the 
iome temperature. Ibis behaviour is explained by the unusually 
low heat-conducting power of the unaltered spore membráně. 
By the influence of moisture, however, the structure 'of this pro- 
tective envelope is loosened and its permeabilíty to heat rays 
increased. 

Although the use of moist heat may thus appear preferable 
to the method described in the preceding paragraph, it is never- 
iheless inapplicable in many speciál instances. For example, 
air-filters must be sterilised by dry heat alone, but when liquids 
háve to be freed from living germs by the aid of heat, then moist 
heat must be decided upon. This can now be employed in one of 
two ways : either by boiling the liquid over a naked fláme, oř by 
exposing it to the influence of water vapour heated to a sufficiently 
higb temperature. 

That every liquid can be sterilised by simple boiling at 100* C. 
was shown by Hubppe (III.) in 1882 ; the time of exposure 
necessary in order to secure the desired result with certainty 
being. however, very long. In this connection we may recall 
the experíence of Brefeld, mentioned in § 53, according to which 
the killing of the spores of the species of hay bacillus examined 
by him necessitated tbeir exposure for fuU three hours in boiling 
water. However, the nutrient soIutions destined for the cultiva- 
tion of organisms, and requiring to be sterilised anterior to use, 
most not be treated in this manner, since they would be con- 
centrated too much by such prolonged boiling. Such solutions 
are generally sterilised by exposure to low-pressure steam, for 
which purpose the so-called '* steam steriliser," pro posed by Gaffky, 
R Koch, and Loífler, and resembling in arrangement an ordinary 
potato-steamer, is employed. It consists principally of a high 
cylindrical tin pot^ covered over with asbestos board or felt, and 
fitted with two bottoms, the upper one, which is perforated, 
aerving as the support for the vessels to be sterilised by exposure 
to the steam evolved by the boiling water below. This process 
Í8 known as sterilising by direct steam; it obviates the incon- 
venience arising from the evaporation of the nutrient media, and 
also prevents local over-heating. The samples are surrounded on 
all sides by steam, which drives away the protecting envelope of 
•ir and raises the temperature uniformly throughout to that of 
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the boiling water. This is, of course, dependent on the prevail- 
ing atmoepberio pressiire, and generally ranges between 96* and 
100* C. A reduction of the time of exposure is not to be thought 
of, Bince here, as before, we háve to do with a temperature of only 
about 100* ; this must be particularly emphasised, since the Koch 
school at one time fell into error on this pointy by promulgating 
the maxim that "the spores of bacilli cannot withstand the 
temperature of boiling water for more than a few minutes." We 
háve already recalled a fact controverting this, and will now cite 
a second example, given by Globio (II. )> viz., that the endospores 
of a species of bacterium, discovered by this obierver on potatoes, 
originating thereforo in cultivated soil, and named the "potato 
baciUds,'' resisted the influence of a current of steam at 100* C. 
for as much as six hours. This is the most powerfully resistant 
of all organisms hithcrto observed. 

Numerous modifícations háve been made in Kocháš steriliseri 
in accordance with the speciál purposes for which it is intended. 
Thus, for example, the water-chamber has been separated from 
the steam-chamber, and the steam introduced into the latter from 
above. This pattern is specially preferred in the čase of the large 
apparatus employed for disinfecting invalids' linen, hospital bed- 
ding, and the like. Readers desirous of obtaining full information 
on this point are referred to a treatise by Duncker (I.), who sub- 
jected a number of steam-disinfectors to a careful examination. 
The simple and inexpensive form described above is sufficient for 
the purposes of the fermentation physiologist. 

In the fermentation Industries the method of destroying germs 
by steam is híghly prized on account of its convenience and eílicacy. 
In breweries, for instance, all the piping is steamed out, as also 
the wort cooler, and so on. The Enzinger fílter, however, cannot 
be treated in this way, owing to the softening action of moist heat 
on the filter páper. 

The duration of exposure requisite for the destruction of 
germs by moist heat can be considerably shortened by cmploying 
supersaturated high-pressure steam. If, for example, the steam be 
ušed at a temperature of 120'' C. (corresponding to an extra-pres- 
sure of one atmosphere), an exposure of twenty minutes sufBces 
for sterilising liquids up to 50 c.c. in volume with certainty. For 
larger quantities a corresponding additional exposure at 120* C. 
(fíve to ten minutes) is given. The use of supersaturated high- 
pressure steam is attended with much smaller outlay, but requires 
a strongly built antoclaTe. Laboratories already possessing such 
an apparatus — which is required, for example, in the determina- 
tion of starch in cereals, &c. — can also employ it to advantage for 
aterilising. In many instances, too, a method of this kind is 
advisable, not only on account of the saving in fuel, but also by 
Xeason of the fact that the chemical composition and nutritive 
nuality of the liquid to be sterilised are less impaired by fífteen 
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minutes' exposure to 120* than by three bours' exposure in tbe 
Kocb apparatus. 

On tbe oťber band, tbere are liquids wbicb are so readily 
decomposed tbat neitber of tbe above metbods of treatment can 
be tbougbt of. An example of tbese is afforded by tbe medium 
80 frequently employed in mycological laboratories under tbe name 
of nntrient gelatin ; a solution of bouillon, wort, &c, containing 
8~io per cent. of gelatin. Tbis mixture, wbicb sets at tbe ordinary 
temperuture of a room to tbe consistency of soft glue, and liquefies 
at about 25° C, would lose its property of setting if exposed to 
iucb degrees of beat, and Avouid tbereby become useless. In 
aucb casea anotber metbod of killing tbe gernis must be employed, 
námely, tbat first proposed by Tyndall, and known as — 

§ 78.— Intermittent Sterilisation. 

Tbe powerful metbods bitberto described bavě been considered 
necessary, for tbe sole reason tbat tbe sample to be steriliscd bad 
to be regarded as presumably containing bigbly resistant bacterial 
spores. In tbe absence of siicb forms, tne object in view is attain- 
able by mucb milder means, and tbe liquids, &&, to be sterilised 
can be converted into tbis more favourable condition by causing 
tbe spores (pussibly present tberein) to germinate. It tben be- 
eomes a mucb easier task to deal witb tbe resulting vegetative 
forms, since tbese latter perisb at temperatures belotv 100* C, and 
tberefore so mucb tbe more certainly in a current of steam. For 
tbis reason tben tbe sample to be sterilised — wbicb, as before, is 
supposed to contain tbe most bigbly resistant types of bacterial 
spores, in addition to tbe comparatively feeble vegetative forms — 
is exposed at first to a temperature of 100** C. in tbe Kocb steril- 
iser for a sbort time. Tbe duration of tbis first treatment de- 
pends on tbe volume of liquid in tbe individual samples. For 
fiasks containing a cbarge of 10-15 c.c. ^^cb, fífteen minu tes will 
suffice ; larger quantities warm tbrougb more slowly, and must be 
left in tbe steamer for a correspondingly longer time. In every 
čase tbe liquid sbould remain at a temperature of 100** C. for 
about fifteen minutes. By tbis treatment only tbe vegetative forms 
and weaker spores are kiŮed, and tbe next step is to ensure tbat 
tbe still living spores germinate, wbicb is generally efiected by 
simply leaving tbe samples to stand at room temperature. At tbe 
end of twenty-four bours tbe first treatment in the steamer is 
repeated, wbereby tbe vegetative forms tbat bavě in tbe meantime 
developed from tbe spores are killed. It being, bowever, possible 
tbat^ owing to tbe known irregularity of germination, some of tbe 
spores bavě not developed, tbe samples are again left at rest for a 
day and tbereafter steamed a tbird time to kill tbe residual cells 
proceeding from tbese tardy spores. Tbe medium, liquid, &c, 
will in údB manner be entirely freed from living germs witbout 
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having been subjected to injury from over-prolonged or excessive 
heating. This method is known as thc intermittent process of 
sterilísation, and is the ouly one in use for the preparation 
of nutríent meat-júice gelatin. The success of this method of 
killing germs depends on tJie whole of the spores being caused to 
germinate. Now we know, from statements already made, that 
there are certain species of bacteria which will only develop under 
high temperatures, and for \irhose germination the temperature of 
the air of a laboratory is therefore insufficieutly high. Ou this 
account it will bé evident that, under certain circunistances, the 
samples will háve to be left to stand at high temperatures. Since, 
however, these temperatures will, on the other hand, retard the 
development of the spores of such species as tlirive only at low 
temperatures, it is therefore impossible to neglect either considera- 
tion. The samples must, consequently, be kept for a certain time 
at rooni temperature, and for another interval at higher tempera- 
tures. In no čase, however, must this be relied on without 
further examination, but it must be laid down as a fundamentaX 
rtde of conductj that any nutrient medium apparently rendered 
sterile by fractional sterilisation, may only be considered as 
actually sterile, and ušed as such, when it is found that .after a 
short storage, following thc above treatment, no spontaneous de- 
velopment has taken pláce. This regulation, urgently necessitated 
by reason of the insecurity of the sterilising process in question, 
must not be neglected. Nevertheless, if the work is cleanly doně, 
it will seldom be found necessary to reject samples on account of 
insufíicient sterilisation, since the highly resistant spores, now in 
question, are generally absent in thc majority of the substancea 
employed in the pre[)aration of artiíicial nutrient solutions, and 
only creep in when the manipulations are performed without due 
care. Cultivated soil is rich in such organisms, so that if such 
soil is, by any means, introduced into these media, an unsuccessful 
result may readily ensue, as wos, for instance, observed by L. 
Heim (IL). The occurrence of such spores in meat-extract is no 
rarity, and the remarks just made should therefore be recalled 
when such materiál is employed. 

It may happen that a nutrient medium, which cannot be 

exp>osed to a temperature of loo** C. without decomposing, will 

háve to be sterilised. An instance of this is aífordod by the 

solution employed in the study of uric fermentation, which, in 

addítion to the nutrient substances, contains also an admixture of 

uiea. This body, as is well known, is gradually converted at 

xoo* C. (in aqueous solutions), into ammonium carbonate. In 

pieparing a medium containing this amide the directions of Leubb 

•hould be followed, the solution of the other nutrient sub- 

68 {e.g, a bouillon) being fírst treated by itself in the steamer, 

ihe urea sterilised separately by heating it in the dry statě 

6* C. for half-an-hour. By this treatment it is maintained 
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unalteied, and may, when cooled, be added to the cold sterile 
bouillon. 

Under particularly favourable circumstances, exposure to a 
temperature much below 100° C. can bring about either the 
complete mortification of the germs preseiit in a solution, or else 
render them so debilitated that their further development is 
prevented, so that the liquid will remain for a long time (months 
and years) without alteration. This result is attainable when the 
influence of warmth is seconded by suitable antiseptics, substances 
which we most first consider before noticing the combined process 
of sterilisation to which we are gradually leading up. 

§ 79.— Minerál Antiseptics. 

The substances exerting a toxic action on micro-organisms are 
Btill often divided into two groups: those serving to annihilate 
ihe pathogenic bacteria being termed disinf ectants ; whilst the 
substances capable of retarding fermentation and putrefaction are 
denominated antiaepticfl. There are, however, no good grounds for 
this distinction, since, as we know, there are bacteria capable of 
originating both disease and fermentation. 

Věry exhaustive researches on the efficacy of the various anti- 
septics are available. Those of R. Koch (I.) were uiidertaken in 
the interest of medical hygieně. As in tbe čase of other agencies 
inimical to bacteria, so is it in the čase of toxic substances : the 
destruction of the life of vegetative forms of growth is relatively 
the easiest to effect ; stronger means being necessary to prevent 
the germination of the endospores, and the most powerful in- 
fluences of all to kill these latter. 

The strongest antiseptic is corrosive snblimate or mercuric 
chloride, HgClj; but, unfortunately, this substance cannot, for 
hygienic reasons, be employed in the fermentation industry. In 
the laboratory, however, the fermentation physiologist always keeps 
a stock of this reagent for disinfecting (inter aliá) the bell glasses 
ušed for storing fresh plate cultures. A suííicient quantity is also 
put in vessels containing cultures that are no longer needed, but 
which should not be placed in the hands of the cleaner until they 
háve been killed. Again, in the laboratory of the chemist in 
large works a solution of sublimate should always be kept, along 
with materials for bandages, as being the fírst remedy to apply 
when the workmen are injured or wounded. In washing wounds 
with this solution, one should always be mindful of tlie fact that 
the first treatment has a preponderating influence in the restora- 
tion of health. The strength of solution employed, both in the 
laboratory and for this Samaritán service, is one gram of HgCl^ 
per litre of distiUed water. Calcareous well-water must not be 
ušed, and the author would recommend any chemist who cannot 
afford to purchase diatilled water to prepare his stock of sublimate 
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aolution in rainy weather, using pure rain-water for that purposé. 
like most of the salts of uercury, sublimate forms insoluble 
Gompounds with albuminoids {e,g, in the blood), and has then no 
longer any effect on bacleria. This reaction is prevented by 
adding 5 grams of sodium chloride per litre of aolution, since this 
salt forms with the mercuric chloride a double salt soluble in 
water. According to the researches of R Koch, the spores of 
BacílluB anthraciě perish in an hour when immersed in this sólu- 
tion. For the prevention of their germination the presence of 
I part of sublimate in 300,000 parts of water sufiices. 

The earliest disinfectant employed was snlphurotui add, the 
use of which for Bulphnring wine casks has been handed down 
from remote ages. In this process, so-called sulphur threads are 
ignited and placed in the cask, being prevented from falling by 
ti^e bung. These sulphur threads are strips of linen about the 
breadth of the fínger, steeped in melted sulphur. The germicide 
properties of gaseous sulphurous acid (sulphur dioxide) weře 
exaniined by G. Wolffhúgbl (L); nnd G. Linossier (L) en- 
deavoured to express in fígures the relation between the percentage 
content of a solution of this dioxide and the length of exposure 
necessary to kill various germs. His experiments were not con- 
ducted with bacteria, but with Eumycetes ; they are, nevertheless, 
given in the foUowing table : — 



Speciet. 



Beer jeast 
Wine jeast 
Myeoderma vini 
Atpťrffillui niger 



Katal doM of 80, in 


C.C. per litre. 


for an 


exposure iMting— 




15 min. 


6 houn. 


34 hours. 


sdAyt. 


200 


100 


20 


« • • 


100 


20 


20 


10 


200 


100 


100 


40 


SO 


20 


10 


• • • 



With regard to the deadening of wine-must by sulphurous 
acid, referred to in § 11, mention may be made of the discovery of 
this observer that 25 c.c. of SOj per litre eufficed not only to 
hinder the inception of fermentation in wine-must, but also to 
bring it to a standstill when already in progress. The presence of 
a small quantity — by itself inert — of another minerál acid was 
found to increase the power of the sulphurous acid in a remarkable 
degree. The subsequent fate of this latter in sulphured wine 
varies : a small portion combines with the aldehydes, a little (often 
merely a trace) of which is always present, to form aldehyde- 
•ulphorous acid, a compound of agreeable odour, but the bulk is 
Moreited into sulphuric acid and is then found as potassium 
late* Seveial experiments in this connection háve been con- 
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ducied by £. Chuabd and M. Jaocard (L). Apart from the cases 
abeady mentioned, this antiseptic is not lúed in a gaseous f orm in 
fennentation industríes, since it attacks tbe metal fíttings, irritates 
the workmen'8 lungs, &c. It ia, however, employed in combination 
with lime, aa ealdnm bisulphite, CaO . 2SO. . H^O = Ca(HS03)« 
with which the fermenting tuna, &c., in the orewery are purified. 
On the basia of bia experimenta on this point with beer yeasts and 
fihn yeasts, H. Will (I.) recommends an aqueous solution of 
this salt containing 10 grams of SO^ per litre. As the com- 
mercial salt contains 70-75 grams of 80^ per litre, one part by 
weight of this liquid most thei^fore be diluted with siz parta 
of water. 

The suitabilíty of Picteťs solution (liquide Picteť) — a luixture 
of COj and SO* (i : i) — for disinfecting purposes has been re- 
ported upon by Ďe Rechter and Leoros (I.). 

As a nile, the germicidal power of carbonic acid (carbon di- 
oxide) is over-estimated by non-prof essional people. The researches 
of Carl Frabnkel (L), coníirmed by C. Stbinmetz (L), háve 
ahown that this acid has no power at all on certain bacteria, these 
latter thriving even in an atmosphere of the pure gas. Other 
species are less able to stand it, and the remaining kinds, though 
letarded in their developmenl^ are killed by it only with great 
difficulty. The most important literatuře on the subject has been 
arranged by P. Frankland and Ward (I.). The above-mentioned 
fact sufBces of itself to destroy the hope that carbonated minerál 
waters are necessarily devoid of germs (as was assumed by Leoně 
some years back), the researches of P. Siedler (I.) having shown 
that this is not the čase. The influence of this acid on the vital 
activity of yeast and the progrese of alcoholic fermentation will be 
dealt with in the second volume. 

Ghlorine, also, is not employed in the gaseous statě, but as 
chloride of Ume (calcium hypochloríte). This substance was re- 
commended by H. Will (II.) for the disinfection of the sacks— 
made wholly oř in part of wool — ušed for íiltering ofF the " cooler 
sludge '' in the brewery. As these bags ai e rendered unusable by 
hot water washing, their purifícation has to be eífected by a cold 
procese. That cold washing does not produce the desired effect 
was proved by Will, who found the sacks to be strongly infected 
with bacteria and wild yeasts, especially around the stitches, a 
circnmstanoe sufficient to account for the bad repute in which 
wort- and beer-droppings are held. Disinfection experimente 
have^ however, shown that these germs can be killed by exp>osure 
to the aotion-*-as8Ísted by careful brushing — of a chloride of lime 
solution containing i per cent. of active chloríne. As good com- 
meicial chloride of lime yields 30-35 per cent of chloríne, the 
solution may be prepared for use by mixing 3-3^ kilos. (6.6- 
7.7 Iba.) of the cUoríde with i hectolitre (22 gallons) of water—* 
ML abottt 5 os. per gallon, — stirríng the mixture up frequently, 
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and, after settling, pouring oíf the clear liquid from the (useless) 
sediment. According to R. Koch, 0.2 per cent chlorine water 
will kill the spores of B. anthracis within an hour. Exhauative 
experimente — conducted chiefly from a medico-hygienic point of 
view — on the aiiti-bacterial properties of chlorine and bromine háve 
been carried out by Bernhard Fischer and B. Proskauer (I.). 

Among the inorganic acids, hydrofluoric acid and its alkali 
salta háve proved to be particularly poisonous to bacteria. In the 
last few years this substance has, by the labours of Effront, been 
utilised in distilleries ; on this head more detailed reports will be 
given in a later section. 

Boric acid, either per se or in the form of borax, is occasion- 
ally — in despite of prohibitory regulations — ušed for preserving 
food stuífs (e,g, milk). A permissible and useful application of 
this substance may be made in the preparation of starch paste by 
employing an aqueous solution of borax as a substitute for water. 
Paste prepared in this way can be recommended, for instance, for 
aíBxing the labels on wine bottles kept in store, the occurrence 
of the uncleanly formation of mould, otherwise intervening, being 
thereby prevented. 

The efifect of ozone and hydrogen peroxide on bacteria is due 
to a conimon cause, viz., the decomposing power of the oxygen 
liberated. According to the determinations made by H. Sonntao 
(I.), ozone has only a weak germicidal power, but other experi- 
menters, e.g, Oberdórffeu (I.) and Wtsbokowitsch (I.), obtained 
somewhat more favourable results. According to the researches 
of Ohlmúllbr (I.), thi.s gjus acts more powerfully when it is passed, 
along with oxygen, through the culture. When the volume of 
the liquid amounteJ to 500 c.c. an ozone-content of 90 m.grins. of 
O3 per 100 C.C. of the gas was requisite in order to kill the germs 
of the spores of anthrax bacillus present. According to the 
researches of Christmas (I.), the gerniicide power of ozone sinks 
to nil when its amount falls l>elow 0.05 per cent. by volume ; so 
that no efifect can be anticipated from the much lower proportion 
(i- I o m.grms. per 100 li třes) oř ozone present in the atmosphere. 
With regard to the purification of river water — intended for 
drinking purposes — by the aid of ozone, prepared artificially on 
a large scale, an exhaustive report has been drawn up by E. van 
Ermenqem (L). 

Owing to the great expense entailed, the utilisation of the 
anti-bacterial power of hydrogen peroxide in the service of the 
fermentation industry is as yet impracticable. The invention of 
a less expensive method of production would, however, ensure it 
an extensive sphere of operation, since this bacterium poison ofiPers 
the advantage that during its action it is resolved into water and 
oxygen. When the latter has killed the organism, nothing is left 
of the antiseptic but harmless water. Qreat advantage might be 
deiived from this property in connection with the manufacture 
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of consenres ; but hitherto its value does not seem to háve been 
suffidently appreciated. A few experíments háve, however, been 
made with it in connection with the íreeing of drínking water 
from ^erms. In partial improvement on the results reported by 
Van iSromp, it has been proved by Altehokfer (L) and P. Schilow 
(I.) that an addition of i part per mil of H^O^ to drínking water 
will, within twenty-four hours, be fatal to the common (innocuous) 
water bacteria, the microbes usually present in conduit waters, 
and the organisms which produce cholera and typhus. No altera^ 
tion in ílavour results from this application; and an injuríous 
influence on health is the less likely, since the peroxide is quickly 
decomposed. A reduction of the dose below i pej' mil woidd 
naturally interfere with the efficiency of the reaction, a circum- 
stance which ezplains the unfavourable results obtained by other 
experimenters, reported by A. Sghrohe (I.). A proposal, worthy 
of being folio wed up, has been made by A. Ggttstein (II.). 
A sample of water containing looo bacte ría per i c.c. was found 
to evolve bubbles of gas at its upper edges fifteen minutes after 
the addition of HgO^, the gas being oxygen liberated from the 
peroxide by the activity of the microbes. Since the extent of 
this evolution of gas ňuctuates in accordanco with the number of 
living bactería present, this behaviour might perhaps be utílised 
in arranging a simple method for controlling the efficiency of 
water filters at frequent intervals. No appliauces beyond a stock 
of hydrogen peroxide and sterilised test-glasses would be required. 
Of course, this crude metho<l neither could nor should be ušed to 
replace the examination of the efficiency of the íilter by bacterio- 
logical tests, but is intended for the sole purpose of enabling the 
engineer in charge to convince himself, every quarter of an hour 
(or at other selected intervals), that the filtráte has fewer bacteria 
than the unfiltered water. According to the critical researches of 
Hugo Lasrr (L), the Gottstein method is not sufficiently reliable. 
Milk of lima is, when frcsh, a fairly good dísinfectant, but 
loses its disinfecting property as soon as the calcium liyilroxide 
becomes converted into carbonate, the latter being iiinocuous 
towards many organisms, and even favourable to others (especíally 
the acid-forming microbes). In the absence of other disinfectante 
this liquid may be successfully ušed. According to the researches 
of E. Ppuhl (L), it is sufficient to add two volumes thereof, and 
leave them to react for an hour, to ensure the death of the typhus 
bacilli and cholera bacteria in liquid faecal matter. L. Steuber (I.) 
has made several experíments as to the influence of milk of linie 
on yeast-cells, and on its suitability for disinfecting bríckwork in 
the brewery. 
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§ 80.— Organie Antiseptics. 

The antieeptic most appreoiated — next to aiiblimate — in surgery, 
tíz., carholic acid (Phenol, CgHjOH), whicb ia uaed aa a 4 per 
cent. aoltition for washing wounda, is nevěr einployed for industrial 
purpoaea. Kevertheleaa, it merita brief mention here Ijccauae the 
discoverer of ils antiseptic action. viz., J. Lbhaiheí (I. and II.}, 
eabablished the intei'e3tÍDg fact that thie constituetit of coal-tar, 
whilst capable of restricting the development of organised fermente, 
leavea the efliciency of the enzymea unimpaired, a differential bo- 
haviour which afForded aupport to Paateur in his campaign againat 
the Liebig theory of fermentatioo. The tosic action of phenol 
011 the individual species of tlie bacteria varies, a circumatance 
which is utilised in the bacteriological analysis of water. In order 
to determine if the water under exaniination for ínipuritiea con- 
tains Baclei-ium eoli cmnmune, a small quantity ia, in accordance 
with Péré's suggestioii, placed in bouillon containing one part oř 
carbolic acid per mil. Thia will retnrd the development of most 
of the water bacteria, but not that of B. eoH eotnmune, which will 
therefore inctease in tlie culture and can then be raore readUy 
detected by aupplementary means (plate cultures). Crude carbolic 
acid ia eoluble with Uilliculty in pure water, but readily bo in 
sulphuTÍc acid, combiaing therewith to fortii sulpho-acids, an 
aqueous solution of which, under ihe name of aseptoí, is employed 
in aurgery. Aucordin;,' to the researchea of R. Koch, the atrength 
of aqueous carbolic acid solution requiaite to prevent the gerraina- 
tion of the sporee of iť. anthradt is i part in 850, In a g per 
cent. Bulution the death of these apores ia caused unly after uiore 
than fořty days. 

Tlie three aucceeding higher honiologuea of pheuol. viz., tha 
cresols, C,;Hj.(JH.CHj, are aiao ušed in aurgery. The so-called 
kreolin oř creolln is a mixture of aoap váú\ a tar-oil, containing 
a amall quantity of phenola (cresol, &c,) and a large amount of 
hjdrocarboua. As the loat are ínsolulile in water, a milky emulaion 
ia produťed by pouring creolin into that liquid. Lysol and aapo- 
cubol are mixturea of soap and tar-oils containing more phenola 
and a amaller proportion of hydrocarhona than the substance laat 
describrd ; both theae mixtiires will dissolvs in water without 
producing turbidity. The aolubility of the cresola in water ia 
slight : about i part per 100 aq., but can ba increased con- 
aideraWy (aa aacertained by Hueppe) by the preaence of other 
Bubatancea. Tlius, when aodium cresotate is ušed, soItooI ia 
obtained. An alkaline aqueoua solution of aodium-cresol will 
abaorb a very large quantity of cresol, thereby formiiig BolntoL 
By addiug to a 50-60 per cent crude carbolic acid about 20 
per cent. of ita weíght of minerál oil, a mixture known aa saprol 
ia obtained, whicli ia lighter tiian water and floats when applied 
to ítecal matter. The auitability of tliis preparation for the con- 
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tínuous disínfectíon and deodorisation of the contents of cesspools 
and closets was tested by Sohburlen (I. and IL). Mention of 
the íoregoing seven antiseptics is only made here for the pur- 
poee of stating their composition as a matter of interest to the 
technical chemist. They are, however, unimportant so far as fer- 
mentation Industries are concerned. A derivative of orthocresol^ 
yíz., Baiicylic acid, CoU^.OH.COOU, is still occasionally ušed, e.g, 
for the preservation of jams, to arrest the formation of mould 
on wine, &c. The time when H. Kolbe (who held the fírst patent 
for the manufacture of this substance on a large scale) strongly 
recommended its employment has long gone by. 

On the other hand, another derivative of cresol, viz., potassium 
orthodinitro-cresol, C^H2.(N02)2.CH3.0K, finds extensive employ- 
ment, its explosibility being entirely doně away with by tlie use 
of a small addition of glycerin, soap, &c. The red pasty masa 
thus obtained is put on the market, as a patented preparation, by 
the Bayer Farbenfabrik under the name of Antinonnin, this naaie 
being given to it on account of its having been fírst ušed on a 
large scale in practice in 1892, for the destruction of the " nonnen ** 
(Monctehá) larvaa infesting the forests of Bavaria and Wiirttemberg. 
This paste dissolves in water in proportions up to 5 per cent.^ 
forming a clear solution, dark yellow in colour and of a soapy 
smell, possessing no corrosive actíon and attacking neither metala 
nor fabrics, but penetrating deeply into wood and other porous 
substances, and remaining fíxed therein without volati! ising oř 
imparting any odour to the materiál. Keports on the applicability 
of this antiseptic are unanimously in its favour. Th. Stbttner 
(I.), for example, has drawn up an exhaustive account of its use- 
fulness in preserving wood employed for building purposes, and 
it forms a reliable means for the annihilation of the dreaded dry 
rot in timber (respecting which, it may be casually remarked, a 
comprehensive monograph has been written by R. Hartio (I.)). 
To prevent the spreading of this fungus, all the woodwork (and 
especially that forming the floor joists) is treated, by dipping or 
brushing the ends to be imbedded in brickwork, with a ^ per 
cent. (i : 200) solution of antinonnin. Dipping is also recommended 
for preserving railway sleepers and wood blocks for paving. The 
latter are at present steeped in creosotic tar, and render the streets 
malodorous in hot weather by the vapours they evolve. Anti- 
nonnin will equally counteract putresceiice without inconveniencing 
the olfactory organs. Telegraph posts, fencing, hop-poles and 
vine-props are treated by setting the butt ends in a 0.5 to i per 
cent. aqueous solution of antinonnin for a day, whereby they will 
acqaire great powers of resistance against rotting. The packing 
for spaces between ceilings, for which purpose building waste is 
generálly employed, and which is so often the breeding-ground oř 
pathogenic germs (particularly tetanus bacillus), should be impreg- 
nated with this disinfectant Antinonnin is also a very suitable 
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materiál to employ when it is a question of kocping the brickwork 
of a building dry and arresting corrosion, the cause of which latter 
phenomenon is probably bacterial. The evil may be reinedied by 
brushing the walls with a i per cent. sohition of antinonnín. If 
it be desired to prevent the inception of such corrosion — as wiU 
be specially the čase when a wall is to be decorated with fresco 
paintings — then the mortar applied directly to the wall should 
be mixed with about 5 per cent. of antinonnin. The walls of 
hospital wards, &c., may bo cheaply and reliably disinfected by 
brushing them over with a saturated (5 per cent.) solution of this 
itgent Full informatiun concerning its successful employment in 
the brewery has been given by Aubry (L), who recommends its 
use for purifying all utensils not brought into direct contact with 
the beer. The walls of the fermenting and storage cellars, which 
are frequently damp and form the habitat of mucinous and mal- 
odorous fungi ])rejudicial to the beer, may be dried and freed 
from mould by brushing them over with antinonnin solution. 

Ethyl alcohol, in an undiluted condition, behaves as a fairly 
powerful poison towards bacteria, and, according to R Koch, will 
hinder the germination of the spores of Bacillus anthracis^ even 
•wLen diluted with twelve times its own volume of water. The 
use of this compound — of 90-96 per cent strength — is strongly 
recommended to the fermentation physiologist, since it possesses 
the advantage over sublimate of rapidly attacking the spores of 
those mould-fungi that coat themselves with an excretioii of fatty 
matter, owing to which they are able to resist the inílueuce of 
aqueous antiseptics for a long tinie. It is advisable, before per- 
forming inoculations in Pasteur flasks, to wash the ílasks all over 
with alcoho], more particularly the part of the lateral tube covered 
by the caoutchouc tubing, and the mouth closed by the glass 
stopper. The surface of the table on which the inoculation is 
QÍfected should also be clcaned with alcohol of about 50 per cent. 
strength. 

The dÍ8Íxďection of the liands is, as shown in particular by 
FCrbrinoer (I.), a very tedious labour when it has to be abso- 
lutely efficient. This, however, is necessary only in the čase of 
surgeons, and the fermentation physiologist may rest contented 
with simply washing them with soap and water, and fínally with 
alcoho], before undertaking a delicate inoculation. The latter 
precaution should in no wise be omitted before handling the ends 
of the caoutchouc tubing of Pasteur flasks. The susceptibility of 
the ditferent species of bacteria to alcohol is various, a few of 
them being able to resist it very well when dilute; and some 
even utilise it as a source of energy, e.g. the acetic acid bacteria, 
which still thrive freely in presence of 10 per cent. by volume 
of this alcohol. 

Ethyl ether is also a very powerful antiseptic, and is re- 
commended by R. WoLLNT (I.) for use in sterilising by the 
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eold proeesa. For this purpose the ether is added in the pro- 
portion of 10 per cent. to the liquid, and then, after the germs 
iiave been killed, removed by the air-pump. The advantage of 
this metliod over that of heat is that it has no effect on the 
^baminoids coagulable by the temperature of boiling water. 

Formaldeliyde, also known as formel (formalin), will in the 
near futare enjoy extended employment as a powerful disinfectant 
Many objects, such as clothing dyed with delicate colours, furs, 
&Cf must not be disinfected with liquid antiseptics or by steam, 
gaseous germicides alone being suitable. Amotig these there is 
but little range of choice ; chlorine and sulphur dioxide not only 
•destioy the germs, but also the materials to which the latter 
•adhere ; and the only other resource at our disposal is in formalde- 
hyde. The antiseptic propertíes of this substance were indicated 
by O. Lów (I.) and by Buchnbr and Seoall (I.), and háve since 
been thoroughly investigated by Trillat (I.). Meat-broth con- 
taining one-twelíth part of formaldehyde per mil was found to be 
perfectly free from germs at the end of several weeks. Aronson 
{L) foand that typhus bacilli, Staphylococcua pj/ogenes aureus, and 
B, anthracU could not develop in bouillon containing oue-twentieth 
part per mil of this aldehyde. According to the researches of 
J. Stáhl (I.) and of E. van Ermbnqbm and Sugo (I.), the spores 
of B. anihraeis aiid those (very tenacious of life) from garden soil 
were killed by an exposure of one hour to the influenco of a i per 
snil solution of formaldehyde, and a solution containing i part 
in 750 proved fatal to the germs in a quarter of an hour. This 
•disii^ectant is therefore 011 a par witli the strongest minerál 
•(bacterium) poison, corrosive sublimate, as regards efficiency, and 
^urpasses it in point of generál applicability. Moreover, unlike 
the mercury salt, formaldehyde is but slightly dangerous to man 
and the higher animals. The air may be impregnated with suffi- 
•cieut of the vapour for the purpose of disinfection, without causing 
any greater inconvenience thau coughing, which, however, soon 
disappears, since one quickly gets acclimatised to this reagent. 
Formaldehyde is generally met with in com měrce as a 40 per cent. 
solution known as formaJin. Trillat (II.) ^ives a few methods 
for testing its strength and disiufecting value. — A few pads of 
cotton-wool or kieselguhr, &c., are moistened with the liquid 
formalin and transferred to a box or other receptacle, wherein the 
articles to be disinfected (clothing) are suspended; or the samé 
are laid between linen cloths moistened with the liquid. By this 
meana E. B. Lbhhann (I.) thoroughly disinfected a complete suit 
•of men'8 clothing, eveu when infested with anthrax bacilli, by 
the aid of 30 grams (a fraction over i oz.) of formalin in twenty- 
four hours. For the preparation of formaldehyde on a small scale, 
R. Gambixr and A. Brochbt (I.) recommend a bumer, and B. 
T0LLBN8 (L) a lamp, both fed with methyl alcohoL In the 
latter apparatus, a dome or cap of platinum gauze (2 cm. high 
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and I cni. wide) is placed over the slightly projecting lighted 
wick, and as eoon as the gauze is red hot the fláme is extinguished, 
whereupon the íormatiou of formaldehyde goes on uninterruptedly. 
Itshould not be forgotten that — as pointed out by A. Brochbt (1.) 
— this incomplete combustion of methyl alcohol also produces^ 
soiue 3 to 5 per cent. of carbon monoxida An apparatus con- 
structed by Krell, and resembling the Barthel soldering-lamp, ha» 
been described by A. Dieudonné (II.), by means of which a 
constant current of formaldehyde vapour can be produced from 
methyl alcohol and blown into crannies and corners that require 
disinfecting. The dififerent degree of susceptibility exhibited by 
the varions bacteria towards this poison has been utilised by £. 
ScHiLD (I. and IL) for the differentiation of typhus bacilli from 
the very similar Bactonum coli coimnune, which, in the bacterio- 
logical analysis of water, is both very important and difficult. 
The latter species develops freely in a bouillon containing i part 
of formaldehyde in 7000, whereas the former will not do so» 
Tlierefore, if a species of físsion fungus isolnted from the sample 
of water, and siispected to be typhus bacillus, produces turbidity 
in such a medium, this behaviour shows that it is not the bacilhis 
which causes typhus. The applicability of this method — which gives 
a negative characterisation — has been confirmed by Rud. Ábel (I.). 
The researches above noticed deal only with the actíon of formal- 
dehyde on bacteria, but for the fermeiitation industry it is also 
important to know how the higher fungi, and especially the alcohol 
yeasts, behave towards this disinfectant. In this connectíon it has 
been established by W. Windisch (I.) that yeast cells show much 
less susceptibility ; consequently this aldehyde is not a suitable 
means for killing them. Fortunately, however, they are readily 
afifected by the influence of hot water vapour, chloride of lirae, &c., 
so that there is no lack of available remedies. 

The antiseptic power of iodoform, CI3H, was studied by 
Behrino (L), with the result that this compound was found not 
to injure (kill) bacteria, except in the rare cases when iodine was 
liberated. In all other instances (which thus constitute the rule), 
its favourable action in the healing of wounds is based exclusively 
on the counteraction of the poison produced by the pus-forming 
bacteria, without, however, the appearance of the latter being 
prevented. The use of chloroform for disinfection is only, as a 
rvde, resorted to when it is desired to sterilise milk for use as a 
culture medium, in which čase it is necessary to dispense with 
iteong heat. This will be discussed in a subsequent chapter. 

' The organic acids háve a fatal efíect, even in small quantities, 
0Bpecially on putrefactive bacteria. Frequent and regular use is 
made of this property in technical processes of sterilisation, as 
filfio in distillery work (" souring the mash "), as will be frequently 
noticed in the course of the present work. On the other band, 
UMj bigh degrees of concentration are required for killing such. 
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Incteria as are themselves active producers of acid. Benzole acid, 
though prohibited by law, is occasionally employed for increasing 
the keeping properties of milk. This acid — even in very smalí 
quantities— has a very restrictive influence on alcoholic fermenta- 
tíon, and it is to this influence that the difficulty of exciting fer- 
mentation in the juice of the whortleberry (Vaccinium Vttis 
Idcea) is to be ascribed, considerable quantities of this acid being 
present therein, Mach and Fortele (I.) having found 0.64 to 
0.86 grm. per litre. 

§ 81.— The Combined Method of Sterilisatíon. 

The influence exerted on micro-organisnis by the substances 
already considered is subject to the samé fundamental law as has 
beeu established for physical force, viz., that the efléct prodneed 
Taries with the intensity of the caasatíve influence. A solution 
containing so large a proportiou of antiseptic that it is capable of 
killing a given microbe, will, when sufficiently diluted, háve a 
merely restrictive influence on development, without, however, 
proving fatal. Proceeding farther in the samé direction, a cou- 
dition of dilution will be attained which will exert a favourable 
effect, stimulating the vital activity of the organism ; and íinall}', 
if the degree of dilution be extended beyond this point, no efl*ect 
will b3 observable. This fact was expressed by Huoo Schulz (I.) 
in the folio wing phrase : '' £ach impulse exerts on each cell an 
action whose ettect on the activity of the cell is in inverse pro- 
portion to the intensity of the impulse." A series of researches, 
which conflrm this law, háve been made on microbe poisons, but 
it will be sufficient to simply mention two examples, viz., that of 
Cn. RiOHKT (I.), treating of the bacteria of lat^tic fermentation, and 
that of BiERNACKi (I.), which deals with alcoholic fermentation. 

This law forms the basis of the theory of toxic action orígi- 
nated by O. Lów (II.) in a book the perusal of which is commended 
to the reader, and more especially for the com plete critical digest 
it contains of the literatuře, relating to the action of poisons, pub- 
lished anterior to 1893. According to Low, the ultimate cause of 
toxicity is to be sought in the lability of the albuminoid matter 
of the cell protoplasm. The activity of the latter consists in a 
continuous chemical change of the atomic groups composing the 
molecule, the briskness of which alteration is inereased by slight 
fltimuli. Larger quantities of the irritant (poison) exert such a 
strong preponderatin? influence on the change, that the lability 
of the plasmic albuminoid is arrested and the life of tlie cell is 
consequently destroyed. Probably, then, toxic action may be the 
means of throwitig light upon the obscure problém of the chemical 
dytiamics of the cell ; just as, in many other branches of natural 
philosophy, the study of disturbing influences has afíbrded the 
deepest insight into the normál course of phenomena. 
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A knowledge of the nátuře of toxic action — the progrese of 
Avhich depends more or less upon chemists obtaining a clear idea 
as to the constituents of the albuminoids — is of the greatest im- 
portance, both to the study of organic life in generál, and to that 
of the pathogenic and fermentative microbes in particular. It 
is also important, as we shall soon see, for the technique of 
sterilisation. 

The destruction of germs by heat iu certain nutrient solutions 
and food stufifs is often a very diřiicult task, because it necessitates 
temperatures that daniagc the sample both as regards nutritive 
value and palatability. Success may, however, be attained by 
combining the inňuence of heat wíth that of poíson, although the 
isolated action of either is incapable of killing the germs. This 
is the leading idea on which is based the process of mixed or 
combined sterilisation^ wherein the death of the micro-organism is 
caused by the simultaneous application of two factors; one of 
which (the poison) is without iníluence on the chemical composi- 
tion of the sample, whilst the other (heat) is too low to set up any 
injurious decomposition. 

At íirst sight it may seem that the presence of poison restricts 
the application of the process to such cases as the sterilisation, 
pure and simple, of a liquid, and precludes its use when such 
liquid is intended for the cultivation of micro-organisms or for 
human consumption. On more mature deliberation, however, a 
contrary conviction will be formed. 

Many of the substances named in the preceding paragraph 
are in themselves innocuous to the health of man, provided the 
quantity present is not too large; this is particularly the čase 
with alcohol and the organic acids, and it is precisely these acids 
that are generally eniployed for the preservation of numerous 
food stuffs. A fuller account of this subject will be given in a 
future chapter, so we will simply refer to it here and pass on 
to the consideration of the second question : Is the combined 
method also suitable for sterilising nutrient media intended for 
mycological work 1 

Let US recall the observation that has been frequently made 
in previous paragraphs with reference to the behaviour of micro- 
organisms under the influence of physical and chemical forces. 
Just as a certain degree of heat is fatal to one species, simply 
retards the development of a second, is favourable to a third, and 
insufficient to allow the cells of a fourth species to grow at all — so 
given amounts of poison may be fatal to one species of organism, 
inert towards a second, and even stimulating to a third. In 
other words, the constants of influence of a given poison vary 
with different organisms. 

We are indebted to Th. Schwann (II.) for the first observa- 
tions on the variations in behaviour thus exhibited, but to Pasteur 
^T.) for the first practical application thereof. Attention has 
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alreadjT been directed to the susceptibility of the putrefactive 
bacteria to the influence of acids, a property of which Pasteur 
availed himself to protéct his cultures of ferments (in the re- 
stricted sense of the term) against injury on the part of such 
interlopers. For example, in order to study acetic fermentation, 
he first acidified the artiíicial medium with acetic acid. By means 
of a skilful combination of various anti-bacterial forces, properly 
adapted to each particular čase, a given nutrient medium can be 
freed from germs without diminishing its suitability for the cul- 
tore in view. One factor of this combined method of sterílisation 
is usually heat Many examples of this will be given in the 
course of subsequent paragraphs, so that we will now simply refeť 
to that afforded by the boiling of beer-wort. 

At the moment when the still unhopped wort runs from the 
mash-tun into the copper, it contains innumerable bacteria, chiefly 
deriyed from the malt Not only do these survive the mashing 
process uninjured, but their increase is such that 0.07-0.12 per 
cent of lactic acid is produced. The acidity of the wort is some- 
what further increased by the addition of the hops placed in the 
copper before boiling is commenced. But, as a consequence of 
the conjoint influence of the boiling temperature (100. 5'- 103' C), 
the lactic acid and the hops, the germs in the wort are — as found 
by G. H. Morris (I.) — at the end of fifteen minutes' boiling, 
pardy killed and partly so far weakened that they are incapable 
of further development ; the wort is therefore practically sterile. 
Sometimes — but, as E. Ch. Hansen (III.) has shown, not always 
— the com plete destruction of all the germs (absolute sterility) 
Í8 attained in this way. However, the residual living germs in 
the wort do not develop therein, though they will do so if trans- 
ferred to a more favourable medium — e.g, meat-broth. In this 
čase we háve to do with relative sterility. The rapidity of the 
effect is chiefly attríbu table to the influence of the hops, which, 
in tum, owe their germicidal powers to the possession of certain 
resinous bodies, generally known under the collective name of 
hop-resiiui. The chemical properties and biological efiects of 
these bodies háve been investigated by M. Hatduck (I.), who 
foond three different resins in hops, all of which are soluble in 
alcohol, ether, and chloroform. One of these, viz., the brittle, 
tasteless y-resin, insoluble in petroleum spirit, does not interest 
US in the present instance, the germicidal properties of the hop 
not being due to its influence, but to that of the two (extremely 
bitter) soft resins, the o-resin and jS-resin. These two act power- 
fully on the lactic acid- and butyric acid bacteria, but are in- 
nocuous towards acetic acid bacteria, sarcina, and higher fungi 
(especially yeast). The latter organisms are, however, subject 
to the influence of the boiling temperature, so that the wort is 
delivered in a sterile condition to the cooler, where it is infected 
anew. The attempts of all^ disceming brewing technicists to 
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abolish the cooler and to effect the rapid cooling of the wort (as 
well as its aeration by the injection of germ-free air) in closed 
vessels fítted with ref rigerating appliances, are thus easily accounted 
for. This method of proceduře, which, from the fermentation 

Shysiologisťs point of view, is the only correct one, id, however, 
eset with a diíBculty as regards the separation of the sedimentary 
matter. Therefore the hot wort from the copper is generally 
allowed to stand until the sediment has subsided, the still hot goods 
being tben careftdly drawn off and conveyed to suitable cooling 
and aerating apparatus. For a description of the latter, reference 
must be made to Handbooks on Brewing, three of which are 
recommended : that of Thausinq (I.) studies the wants of the 
practical brewer; whilst Moritz and Morrib^b (I.) work is in- 
tended for the brewing chemist familiar with chemistry and 
micro-biology, to whom it presents a large amount of lucid in- 
formation. These two books being supplementary one to the 
other, the student will do well to leave neither unread. Finally, 
the third work, C. J. Lintner*8 (I.) Handbuch der landmiiechafť 
lichen Gewerhe, is adapted for imparting instruction in High 
Schools. 

The sterilisation of wort in Pasteur ílasks — the medium most 
frequently cmployed in the fermentation physiologieťs laboratory 
— will be briefly described as an addendum to the preceding 
remarks. In order to produce a clear liquid, poor in přeci pitated 
albuminoids, &c., the Pasteur flask is half íilled with wort (not 
from the hop copper, but from the cooler), which will now contain 
numerous germs, several hundreds to thousands per c.c. The 
flask is then placed on a heated sand-bath and the steam evolved 
is allowed to escape for ten min útes — counting from the moment 
boiling begins — through the short caoutchouc tube on the lateral 
tube of the flask, whereupon the former is closed by a glass stopper 
previously purified in the flaine. Then, for a further ten minutes, 
the steam is allowed to escape through the swan-neck, and the 
flask is left to cool, being for that purpose placed on a hollowed 
cork oř a ring of millboard one inch in height. When the liquid 
has again sunk to the temperature of the room^ the moisture con- 
densed in the swan-neck is driven off" by means of the gas-flame, 
and the neck is closed by a small plug of asbestos which subse- 
quently serveš as a germ filter. Any organisms capable of passing 
through this are deposited in the first bend of the tube, which is 
then freed therefrom, by heating it to redness in the fláme, before 
proceeding to inoculation. Concerning the sterilisation of the 
large copper apparatus for i)ure yeast culture, detailed instructions 
háve been given by K Ch. Hanben (III.). 



CHAPTER XI. 

METHODS OF PURE CULTURE. 

§ 82.— Nutrlent Solutions. 

In § 15 of the Introduction it was stated that Liebig^s theory 
regarded the disintegration of the albuminoids as the true active 
agency in fermentation. Pastbur (VIL), the active opponent of 
thia theory, interested himself in the preparation of artiíicial media 
which, though free from albuminoids, began to ferment when 
inoculated with a minuté quantity of fermentative orgaiiisms {e,g, 
a trace of yeast). The oldest of these, generally known as Pasteuťs 
fluid, consists of — 

Grams. 

Water 100.0 

AmmoDiam tartrate i.o 

Cane-sugar lo.o 

Yeast-ash (corresponding to one gim. jeast) . 0.075 

and was intcnded preferably for the cultivation of the higher 
fungi (yeast in particular). Its suitability for bacterial cultures 
was examined by Cohn, \vho found that for this purpose the sugar 
could be dispensed with. On the basis of researches into the 
requirements of yeast as regards minerál matters, Adolf Mayer (I.) 
proposed to employ, in pláce of the yeast-ash, which is soluble 
oniy with difficulty, an artificially prepared solution of the salts 
of which this ash is known from experience to consist. Utilising 
this report, Cohn (I.) prepared a nutrient solution which he named 
** normál bacterial liquid," and which was composed of — 

Grnni9. 

Water loo.o 

Potassiam acid phosphate (KH2PO4) a5 

Tribasic calciam phosphate (Ca3(P04)2) . . ao5 

Crjstallised magnesium sulphate 0.5 

Ammoniam tartrate i.o 

NlOELi (IV.), relying on the results of his researches (indicated 
in Chap. ii) on bodies suitable for the nutrition of the lower fungi, 
prepared three "normál liquids for fission fungi," one of tliem 
having the subjoined constitutioii : — 

Gmm9. 

Water loo.o 

Di-potassium phosphate (K2HPO4) . o. i 

Crystallised magnesium sulphate 0.02 

Calciam chloride o. 01 

Ammoníum tartrate i.oo 
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The nutrient solutions hitherto descríbed play a great part in 
earlier mycological literatuře, on which account their constitution 
is now given, tbough at present they are but seldom ušed. 

On the other hand, a second nutrient solution given by Pasteur, 
viz., yeast-water, is still frequcntly ušed. To prepare this solution, 
about loo* grms. of thick bsemreťs barm {or 75 grms. of pressed 
yeast) are placed in a tin can with one litre of water over the fíre, 
and boiled for a quarter of an hour, and are then passed through a 
folded fíiter. If the liquid passing through is turbid it is retumed 
to the fíiter, and in this way a ciear, pale vellow filtráte is obtained, 
which is made up to one litre by the addition of distilled water, 
and is then sterílised (either in bulk or in portions) by exposure 
to loo** C. in a steamer on three consecutive days, or by a single 
operation of twenty minutes at 120° C. under pressure. By a 
preliminary addition of 5 to 10 per cent. of sugar a very useful 
nutrient medium for yeast is obtained. When acidifíed with 
acetic acid and qualifíed with alcohol, yeast-water rendered good 
service in Pasteuťs studies in acetic fermentation. 

For the cultivation of beer-yeasts the most suitable medium is 
hopped beer-wort, sterilised in the Pasteur flask as already de- 
scribed. The hop-resin in this liquid exerts a toxic action on 
many organisms, and among them the lactic acid bacteria, which 
play nn important part in distillery work ; so that hopped wort 
must not be employed to cultivate these organisms in the 
laboratory, unhopped wort being advisable for this and sundry 
similar purposes. Unhopped wort is an advantageous medium for 
numcrous fermentative organisms, and therefore requires speciál 
care in sterilising. 

Wine-must serveš for the artifícial multiplication of wine- 
yeasts and fruit-yeasts, and a concentrated form of it is kept in 
stock in the laboratory. On this point fuller particulars will be 
found in Chapter xx. 

Saprogenic and most pathogenic bacteria thrive particularly 
weli in meat-juice. This is ušed in the form of so-called bonillon, 
and, f ollowing. the lineš indicated by the researches of Petui and 
Maassen (I.), is prepared as follows : — Haif a kilogram (i.i Ib.) of 
finely minced beef, free frmn fat, is placed in a tin pan or earthen 
crock along with one litre (ij pints) of well- water, and, after 
standing for an hour at the ordinary temperaturc, is heated to about 
60* G. during three hours, with frequent stirrings. At the con- 
cluBÍon of this period of extraction the mixture is boiled for half 
Ml hour and then fíltered through a folded fíiter. The pale yellow 
•ffluent liquid is made up to one litre when cold, and exhibits an 
mphoteric reaction. Its prímary salts of orthophosphoríc acid 

». KHjPO^) redden blue litmus páper, whilst on the other hand 

•econdary phosphates {e,g, K^HPO^) also present behave in 

oontraiy manner. In presence of phenolphthalein, however, 
ri/ the tertiary phosphate (K3PO4) acts as a base, and conse- 
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quently meat extract behaves as an acid towards both blue litmus 
and phenolphthalein. As a generál rule, 10 cc. of this broth 
require an addition of 1.8 c.c. of deci-normal alkali to prevent tlie 
colour change from taking pláce with blue litmus, and an addition 
of 3 C.C. to enable it just to redden phenolphthalein. This acid 
reaction of meat-broth being a hindrance to the development of 
many bacteria, it is on that account rendered very dightly alkaline, 
the resulting liquid containing a smaller or larger percentage of 
alkali according to the indicator ušed, and which should be selected 
in accordance with the requirements exacted of the medium in 
each čase. After neutralisation, i per cent. of dry peptone and 
a \ per cent of common salt are added to the liquid, which is 
then boiled again for a quarter of au hour (but not longer), and 
íiltered hot; the resulting liquid, generally known as nutrient 
bonillon, is fílled into small bottles {e.g. 5-10 c.c.) and sterilised 
by either a thrice-repeated treatment in the steamer or once under 
pressure. 

AVhen, under particular circumstances, suitable meat cannot 
be obtained, meat extract is ušed instead. Hueppe^s formula for 
making meat-extract bouillon is : 30 grms. dry peptone, 5 grms. 
grape-sugar, and 5 grms. meat extract, dissolved in i litre water, 
and boiled, íiltered, nnd iieutralised as previously described. The 
sterílisation of the (once more boiled and filtered) bouillon must 
be performed with scrupulous care, the meat extract being rich 
in bacterial spores which are very tenacious of life. If this or tlie 
previously described bouillon refuses to filter clear, the white of 
an egg, previously beaten to a froth, is added, and the whole 
warmed up, boiled, and íiltered, whereupon the liqiiid will run 
through bright 

The power of thriving in a solution of salts devoid of nlbu- 
minoid matters was íirst observed by Dujardin (I.) in 1841, in 
the čase of a íission fungus allied to Bacterium termo, and was 
afterwards decisively proved, as regards the zymogenic fungi, by 
Pasteur. In 1893 Uschinsky (I. ) demonstrated that the majority 
of pathogenic bacteria (of typhus, cholera, diphtheria, tetanus^ 
swine-erysipelas, &c.) could also be cultivated in a liquid contain- 
ing ammonium lactate and sodium asparaginate as its sole supplíes 
of nitrogenous nutriment. Cultures in such media are specially 
suitable for the study of the poisonous substances (toxins) excreted 
by these originators of disease, the separation of the former being 
easy on account of the absence of albuminoids. The fact that 
these toxins (which are probably allied to the albumoses and 
peptones) can also be elaborated in non-albuniinous media pro ves 
that they are not deri váti ves of albumin, but are the result of 
synthetical processes occasioned by the vital activity of the 
organisms. 

Thismatter has been investigated by Fbrhi and Sohweinitz (I.), 
Proskauir and Beck (I.), C. Frabnkbl (II.), and others. Since 
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bacteria rapidly increase in such a solution, they are therefore also 
«ndowed with the faculty of effecting the synthesis of albumin. 
Comparative researches instituted by E. Grambr (II.) with cholera 
vibrio showed, however, that the percentage content of albumin 
(calculated to dry substance) in the cells cultivated in Uschinsky^s 
solution is lower than in the caso of cultures grown in media con- 
taining albumin. 

In the sixth and seventh decades of the present (nineteenth) 
century the preparation of a medium suitable as a universal 
nntrient meditim for all possible bacteria formed the object of 
the repeated exertions of many bacteriologists. Such iin attempt 
is now regarded as bopeless on account of the knowledge which 
has been gained of the very opposite conditions governing the 
vitality of the several species. 

§ 88.— The Dllutlon Method and Fractlonal Cultlvation. 

It has already been remarked in Chapter viii., that it is 
quite ' the exception for a natural bacterial growth to consist of 
merely a single species, but that^ as a rule, we háve to deal with ti 
mixture of several. To separate these from one another, nncl to 
fiirther multiply each species by itself, so as to obtain therefrom a 
pure culture, forms the aim of the methods of pure cnltiTation. 

We start with the assumption that wc háve to deal with a 
number of different bacteria inhabiting a liquid, inasiiiuch as there 
is a sccond condition possible, i.e. when the organisms are dis- 
tributed within a solid body (such as cheese, butter, soil, &c.). 
In the latter čase a íinely diviJed suffusion of the sample must 
be madn with sterilised water and treated in the samé manner as 
liquid bacterial samples. 

Very often the mycologist is set the task of determining the 
germ content, i.e. ascertaining how many individual cells are 
contained per unit of space in a sample. This contingency ís 
often met with in fermentation experiments with yeasts, iii order 
that, from the result of the counting, the extent of the cell 
multiplication occurring duriiig the fermentation may be ascer- 
tained. For such purposes a so-called counting chamber, such as 
fiupplicd, e,g, by Carl Zeiss of Jeua, is ušed. The arran;;ement of 
this appliance is shown in Fig. 32, in pian at A and in vertical 
section at B. On a thick glass slide there is niounted a cover- 
glass (ji) with a circular hollow, within which is cemented a second 
glass disc (c), o. I m.m. thinner. On the upper side of this 
latter are etched two systems (crossing each other at right angles) 
of twenty-one parallel lineš at regular intervals of 0.05 m.m. and 
therefore endosing compartments each of which has an area of 

0.0025 ^' ^'^^' 

If now a sufficiently large droplet of the sample to be counted 
be laid on the centre of c and covered with a cover-glass (6) about 
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0.5 OLin. thick^ then various portions of the Hquid, wbich has a 

mufonn thickness of o.i in.iu., can be examined under the micro- 

scope for the number of genus present therein. 

A number (ten to fifty) of tbe square divisions are counted and 

the mean of the resulting figures is taken. This being denoted as 

M 
M, the germ content of the liquid will then be - = 4000 M 

per cubic millimetre. 

In order to arrest the movement of motile fomis oř prevent 
the niultiplication of rapid-growing cells {e.g, yeast), a portion of 
the sample, well shaken up, is previously niixed with an equal 
volume of 10 per cent sulphuric acid, which will kill the organisms. 
This dilution must be taken into account in calculating the germ 
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content from the numbers found in the counting ; so that M must 
be multiplied by 8000 instead of 4000. 

Assuming the germ content to háve been ascertained in the 
way described above in the bacterial mixture, the different species 
in which are being isolated ; then, the number of cells present per 
imit of space being known, a i)ortion of the sample — but not that 
diluted with acid — must be thinned down with sterilised water 
to such an extent that only one cell is present in two to five drops. 
One drop of this diluted liquid is then placed in each of a series 
of íiasks containing a sterile nutrient medium, which ílasks are 
subsequently kept at a suitable temperature, whereupon some of 
them will, after a while, exhibit signs of development ; these will 
constitute the wished-for pure cultures. They are, however, not 
unconditionally reliable, since it not infrequently afterwards be- 
comes evident that, in despite of calculatioii, some of the flasks 
oontained more than one germ. £y this method, generally known 
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as the dilution method, Lister in 1878 prepared a pure cul ture of 
Bacierium laciiSj which was (chronologically) tho íirst bacterial 
pure culture, and Fritz (VII.) also euiployed the samé method 
án his studies on fermentation by fission fungl The íirst six 
species oí the Sacdiaromycetes studied by £. Chr. Hansen, and 
which stand out so prominently in the literatuře of fermentation 
physiology, were also isolated by the aid of an im proved form of 
tlie dilution method, further mention of which wili be made in 
the second volume 

The so-called fractional method of culture, as it was af terwards 
styled by Klebs, was employed in particular in Pasteuťs experi- 
iments on fermentation. It consists in taking from a sample of 
fermenting liquid that has attained its maximum of development 
a small aliquot portioii and transferring this to a new, sterile 
medium. By recalling the remarks made in the paragraphs of 
Section II. dealing with symbiosis, it will be understood that, at 
the period of highest fermentation in a natural liquid — and there- 
fore one rich in different species — that species which is the cause 
of the fermentation in question will preponderate. Therefore, if 
merely a single droplet thereof be placed in a medium analogous 
in composition to the originál habitat, this species will be favour- 
ably situated from the outset, and will increase at a relatively 
•quicker rate than its associates. By repeating this transference 
■(**re-inoculation") several times over, culturea will finally be ob- 
taineJ wherein impurities, i.e, extraneous species, can only be 
detected by more searching methods of separation, such as are 
described in the next paragraph. 

These subjugated species will, however, come to the front 
again if the (apparently pure) bacterial culture be inoculated in 
a different medium forming a favourable environment for their 
development. Mention of this has already been made in a pre- 
vious section, when referring to the older evolutionary labours 
of Lister, Lankester, Hallier, Billroth, and others. We are now 
in possession of another more convenient method for the pur- 
poses of pure cultivation, which will be descril)ed in the succeeding 
paragraph, and consequently a criticism of the dilution method 
-can be omitted. 

At present, only a couple of words will be devoted, as supple- 
mentary to the remarks already made, to the examination of 
brewery water for the presence of dangerous organisms. For the 
brewer those water bacteria alone are important that develop in 
wort and beer and are capable of producing injurious changes 
therein. Consequently, sterilised samples of both these liquids 
are employed in the biological analysis of brewing water. The 
method employed was íirst proposed by K Ch. Hansen (IV.), 
according to whom fífty small Freudenreich flasks are ušed, 
twenty-íive of them being charged with 15 c.c. of sterilised wort 
Apiece and the remainder with a similar quantity of sterilised 



THE DILUTION METHOD. 127 

beer. In each of the first fifteen flasks in both series is placed 
one drop (0.04-0.05 cc), and in each oí the remaining flasks 
0.25 cc, of the water to be tested. These fífty flasks are then 
kept at a temperature of 2^'*-2^'' C. for fourteen days, and are 
examined to ascertain how many become turbid or throw up a skin, 
Í.C exhibit sígns of the development of organisma The ratio of 
ihe number of flasks with turbid contents to the total number is 
referred to i cc of water, and a standard for determining the 
destmctive capacity of the sample in question is thus obtained. 
Assuming that, for instance, three out of the fifteen wort-flasks 
(inoculated with 0.04 cc.) exhibit turbidity, then three growths 
háve proceeded from 15 x 0.04 cc, or íive from i cc of the 
water. Or, on the other band, suppose that of tho beer-flasks 
only one has become turbid, and that this is one inoculated 
with 0.25 cc In this čase, then, there is but one growth per 
10 X 0.25 = 2.5 cc. 

H. WiCHMANN (IL) attempted to add, as a co-factor influencing 
the conclusion arrived at, the length of time required for the 
turbidity to develop; of this fuller particulars will be found in 
the reference just given. Hansen showed that a large number 
of species of water-bacteria are incapable of developing in the 
two Solutions last named, and this is particularly the čase with 
beer, the flasks charged there with seldom becoming turbid after 
inoculation with water J. Gu. Holm (I.) has, for several con- 
secutive years, regularly examined the well-water and main-water 
©ř the breweries at Alt-Carlsberg near Copenhagen by this method, 
and found that the spores of mould-fungi are comparatively 
the most frequent, cells of bacteria capable of thriving in wort 
and beer being less generál, and yeast cells very rare. If the 
water be ušed merely for malting and mashing purposes, its germs 
are unimportant, being, as we háve already seen, unable to with- 
stand boiling in the hop-copper. There is, however, one unavoidable 
opj)ortunity affbrded for the contact of the beer with the water in 
itis unchanged condition, and that is in the washing out of the 
storage casks and of the trade casks in which the beer is sent out 
to customers. In Germany these casks, being lined with pitch, 
will not stand cleaning with hot water or steam, and are cleaned 
with cold water, a small quantity of which is always left beliind 
in the casks ; so that, if this water be rich in organisms injurious 
to beer, serious inconveniences may arise. Dr. \Vill has reported 
to the author an instance coming under his knowledge where the 
beer from a brewery was constautly so turbid that no customers 
would také it. After prolonged investigation the cause was 
eventually discovered in the well-water, ušed for swilling out 
the casks, which was found to be rich in the organisms producing 
turbidity in beer. Subsequent examination showed that the well 
was connected with the drains by means of fissures in the soil. 
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^ 84.— Liqueflable Solid Media. 



If a species is represented in a bacterial niixture by 
iiiJividuals only, its isolation by the dilutioii method rcquiret 
au inconveniently large number of culture vessela. In order 
overcome this dilficiilty (with others that need not now be touched 
upoii), Robert Koch, uiilising a metliod practÍBed by Schroeter, 
devíaed a iiew method of Beparatioii, generalty teriMed plato- 
cnlture. The eaaential part of the method consista iii the addition 
of a gelatÍDÍsing substance to the nutrieiit solution, whereby tlie 
latter acquirea the properly of 1>ecoining liquid at a moderaCe 
warmth ])ut ie solid at room-teinperature. The medium tliua 
liquefied ia inocuiated with a Httle of the hacterial mixture to 
be separated, and, after being well shaken up, íb poured, whilst 
stili fluid, on to aterilisod glass plates, on ivhich it seta as a thiii 
film. In thia film (uuder favourable conditions) each oue of the 
cella inocuiated therein is held faat and isolated írom the others, 
and ran subaequently multiply, undinturbed, into an aggregation 
of BtmilaT cells known as a colony. 

Gelatin ia the substance most frequently uaed for thia purpoae, 
and nutrient medin containing it are called by the geueric nnme of 
aatlient gelatin, a diatinction being drawn betweeti worťgelatiu, 
meat-juice-ge!atia, muBt-gelutin, &c., according to the kind of nut- 
rient solution uaed. The amountof gelatin oddeď is about 9 oř 10 
per cent., and thia produces a medium that ia liquid above 30° C^ 
and solid below 24° C, ao that itioculation can be conveiiiently 
jierformed at 35° C, a temperature exerting no injurious influence 
on oiguniams. Bouiilon gelatin, often called peptonised honilloa 
gelatin, ia piepared by mnkiug up the iiieat extract — prepared aa 
already described— W its former volume, i.e. 1 litre, with diatilled 
water, after boiling, fillering, and mixing it iu a gloss flask with 
1 per cent. of peptone, 0.5 per cent. of ííaCl, and 10 per cent. 
of gelatin. The tíask ia carefully warmed in the watet-bath oř 
ateamer until the gelatin liquefies, and the liquid is then nentralised 
in the manner prescribed for bouiilon. It is next boiled iu the 
ateamer for lialf-an-houi' and filtered hot through a nioist folded 
Ulter, to remove the precipilated albuminoid mattera and thoae 
thrown do"ii in neutralising. Samplea that clarify badly are 
improved by egg-albumin, aince the filtráte has to be perfectly 
clear and tranaparent. The liquid ia filled, wbilst wanu and 
fluid, into vessels for uae {e.ff. teat-tubes holding 5-8 c.c.}, and 
ateriliaed by intermittent heat, being !eft for twenty to ihírty 
minutea in the ateamer on tliree conaecutive days, as explained 
in the preceding chapter. In bacteriological treatiaea frequent 
niention is made of "nutrient gelatin" pure and simple without 
nny qualifying term ; in auch casea the peptonised bouiilon gelatin 
referred to above ia aiwaya meant. The tubes spoken of in the 
coUoqui.il langunge of the bacteriological Inboratory oa "gelatin 
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tabes" are oidinaiy test-tubes containing 5 to 10 cc. of nutríent 
gebtin. The preparation of wort gelatin is veiy simple, tbe un- 
nopped oř hopped wort (according to the piirpoee it is intended 
for) being mixed witb 10 per cent. of gelatin, melted, boiled for 
half-an-hoor in tbe steamer, fíltered bot, fiUed into vessek, and 
steriliaed by the intermittent process. Must gelatin requires a 
little care in preparation, the high acidity ("0.7 to i.o per 
cent of tartaric acid) of the must having to be previously almost 
ezactly neatralised by caustic potash, since otherwise the setting 
power of the gelatin is impaired. After the acid has been neut- 
ralisedy 10 per cent. of gelatin is added, liqueíied, cooled down to 
betweea 30*" and 40* O. and mixed witb the white of an egg 
beaten up to a froth ; then boiled for half-an-hour in the steamer, 
filtered ofE^ filled into the recipients and sterílised as prescribed. 
Duzing storage, numerous crystalline concretions (up to the size 
of millet seed) of potassium tartrate separate out in the solid 
medium, and. by presenting the appearance of colonies, give rise 
^ the supposition that the medium has been imperfectly sterílised. 
Attention is therefore now called to this phenomcnon. 

As already stated, nutríent gelatin liqueíies above 30*" C, and 
therefore also at the usual temperature prevalent in the incnbator, 
viz., 38*— 39*" C, on which account it is unsui tablo for use in the 
aeparation of such organisms as require higher temperatures for 
their development. In such cases a medium tompered not witb 
gelatin, but with agar-agar, is ušed. This substance, obtained from 
Eastem Asia, and fully described in a treatise by N. K. Sohultz 
(L), is a dried vege table jelly prepared from varíous marine algae 
and put on the market in the fonn of tbin strips or as a powder. 
Its manipulation being more conveniently effected in the latter 
condition, the use of agar-agar powder is recommended as pre- 
ferable. In French literatura this gelatin is generally known 
as ^^gélase" For use, not more than 2 parts of agar-agar per 
100 of nutrient solution should be taken. It dissolves very 
slowly and with great difficulty. For the i)reparation of pep- 
toniBed bonillon agar-agar Uans Buchner recommends the fol- 
lowing process : — The meat-broth (bouillon), prepared in the usual 
manner, is qualifíed with peptone, XaCl, and i or 2 per cent. of 
agar-agar, and boiled under pressure at about 105'' C. ; neutralised 
after cooling down to 100'' C. ; then boiled up again, filtered hot, 
and fílled into vessels for use. It is sterílised by exposure to 
120* C, under pressure, for a quarter of an hour. The agar-agar 
media do not readily adhere to the glass walls of the vessels, a cir- 
eomstance which in many operations may be very troublesome, but 
may be obviated if the adherent properties be increased by adding 
to the agar-agar employed (i to 2 per cent.) the samé amount of 
gelatin or gum. For the study of the lactic acid bacteria of the 
diatillery, which tbríve best at about 48'' to 50° C, a i per cent. 
onhopped wort agar-agar medium containing 2 per cent. of gelatin 
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is ušed. Horeover, these agar-agai media do not lose their power 
of HoIiUification if etored for a long time at loo' to lao' C They 
are liquefíed only at temperatures exceedirig 40° C., and since this 
last-named temperature ia for many organtams the liighest aupport- 
alile ma^mum, the agar-agar ia uaed in the foUon-ing way when 
liesigned for the aeparatiou of a bacterial mixture : — The recipient 
tubes are immersed in boiiing wat«r to induue liquefaction of the 
contents, which are than cooled down to 40° C. (at which tempera- 
ture they are atill just iluid), inoculated quickly, shaken up and 
mixed thoroughly, and poured out ou to the aforesaid g!as8 platef, 
which reat on a support warmed to 40° C. 

For pure culturea at temperaturea nbove 50° C agar-agar 
cannot be ušed, eince it then begius to aoften. For snch (rare) 
caaes, Wiquel, when experiraeating with BactUut thermojAiCus, 
replaced agar-agar in the nutrieot solution by 2.5-3.0 per ceoL 
of 0aragh,e6tt mosH (Imh moas), from Chondrv» crispus. — For 
speciál purposes suitable indicatora are alao added to the nutrient 
media. For example, if it ia deaired to separate merely the acid- 
fomiing speciea from a bacterial mixture, thcu a little litmus ia 
added to the medium before steriliaing ; the colonies of acid- 
fociaing bacteria in the subsequent plate culture will then become 
surrounded by a red halo stondiog out conspicnousl; against Ihe 
blue background. For the samé purpose Beverinck (V.) recom- 
mended an addition of Sne levignted chalk, which forma an opaque 
clialk antrient mediími, becoming, however, clear at the parts of 
the plate culture occupicd by ocul-fonning bacteria, in consequence 
of their eolvent action on the calcium carbonate. 

Certaiu organisms, such, for example, as the nitrifyiiig bacteňa, 
do not thrive in the eolidified nutrient media hitherto described. 
Therefore, in order to prepare pure culturea of the samé by the 
aíd of the plate niethod, recourse is had to the medium prepared 
from precipitated slUca, proposed by W. KOhne (I.). Silica pre- 
cipitated from water-glasa (alkali řilicate) and carefuUy purilied 
will, when uaed as a 3.4 per cent. aqueoua solution, set within an 
hour to a lirm meisa if mixed with 0.35 per cent. of NaCl. The 
salt is added to a ateriliaed solution which also contains the other 
requisite nutrient substances. In this aoliition is dtstributed a 
smaU portion of the bacterial eample to be separated, the cella of 
which will, when the medium has set, be fixed and devetop into 
coloniea Further parlicularg concerning the prejianition of this 
silica medium will he found in the aliove-mentioned trcatiae, as 
also in one by Winogradsky which will be referred to later. 

The number of nuttii-iit media employed in practiť;d myo( 
is very large, and are nioi-e fully described in the haiidbooka of 
Hueppe, Eisenberg, Tiemanii-Gartiier, and Beruiieim, but only 
one need be liriefly notieed, víz., the potatoes employed for the 
Bo-caJled potato culturea. The [mtatoes — the better sorts uaed 
(in Germany) for solad-making — nfter being carefully cleaned 
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exterually, are steeped for an bouř in a i per mil solution of subli- 
niate, then swilled with water and sterílised in a wire basket by tiro 
hoará* exposure in a current of steam. Wben this ia eífected, and 
tbey are ao far re-cooled as to be fit for bandling (witb disinfected 
fingers), tiiey are cut into balves by a sterílised knife and placed 
under a sterílised bell-glass. When cold, inoculating streaks are 
drawn on the cut surfaces, and subsequently develop into potato 
coltoras. 

§ 85.— Koch's Plate Cultures 

are, as previously indicated, prepared by pouríng out tbe liquefíed 
and inocolated medium (e.^., 5-8 c.c. in a test-tube) on to colourless 
glass plates, rectangular in f orm, about one-twelfth of an incb tbick, 
5 to 6 inches long, and 3^ to 4 inches broad, previously sterílised 
in batches in a copper or iron box from which tbey are taken as 
required. Tbe plates are laid on a plate-pouríng apparatus arranged 
korixontally — as described and sliown in the above-named hand- 
booka — and the distríbution of the stratům of gelatin or agar-agar 
is assisted by tbe aid of the rim of the test-tube. To sterílise the 
latler, it should be held for a short time in the Bunsen fláme and 
allowed to re-cool sufficiently before proceeding to pour. When 
the gelatin layer is set the plate is tronsferred to a sterile damp 
chamber, which is placed in the thermostat and maintained at the 
constant temperature required. 

These plates are rather inconvenient to handle, since, in follow- 
ing up the development of the growing colonies, the plate must 
be frequently taken out of the chamber. Duríng each observation 
the mould spores in the air are liable to fall upon the medium, 
trhere they rapidly develop into such masses of branched threads 
that the bacteríal colonies are smothered, thus rendering all the 
care bestowed upon the preparation of n,o avail. In order to pre- 
vent this, the flat plates are replaced by double shallow glass 
diahes, in "which the cultures can be examined under low powers 
without being exposed to the air. These dishes were fírst intro- 
duced into bacteriology by Salomonsen, but are generally known 
in Crennany as Petři dishes, this latter worker having ])een the 
first to test them. Their use for this purpose can be recommended. — 
Instead of pouríng out the inoculated gelatin, the closed tube can 
be held almost horizontally under the stream from the water-tap 
and slowly tumed round on its axis, whereby the contents are 
distríbuted uniformly over the walls, and will set as a thin stratům 
wherein the germs thcn develop into colonies. These cultures 
are generally called Esmarch tubes or roli cultures, and were 
first proposed by W. Hesse. 

Plate cultivation aflbrds useful assistance, not only for the 
separation of a bacteríal mixture into its several species, but also 
for the determination of the number of cells present therein, a 
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/ew gelatiii tubes beiug charged with vaiious qiiantities 
satiiple and potiteil on to plates. Thia niethod is of particular 
importance ín tlie Qosjítltative bacteriologlcal ajialfala of vater, 
for which reference should be uiade Lo Tiemaiin-Giirlneťs hand- 
book. T)i(i countiug of ihc colonies grown on tbe platea ia elfectcď 
by tbe aid of specml counting apparatus, that of Wolffhiigel Ifeiug 
ušed for the Koch platea. Vor counting the colonies on gelatin 
plates in ťetri dishea tho author, in 1893, constructed a chea]> 
couatÍng-pIat«, obtainable from F. Mollenkopf, of Stuttgart (10- 
Thor Straaae). The number of germs thus fousd is always snialler 
than the living cella actually preaent Ín the inoculating mixture, 
aince only such as háve developed into colonies are enumerated, 
whereas a number of germs in the oňginal háve fniled to develop- 
iinder the coudítiona prevailing, owing to tbe medium being un- 
suitable for some, and the teiuperature of the incubator, though 
favourable to tbe majority, being too hot oř too cold for a minority. 
The medium relatively most suitable foi the purptose of ascertain- 
ing the number of germs is, in most casea, gelatiuiaeU meat-juice, 
and this is therefore the one most frequently ušed. Considerabla 
influence on tho number of dcveloping germs is exerted by the 
degree of aUcalinity of the medium, a fact lirst concluaively demon- 
strated by A. Eeisbch (II.) and conflrmed by Mas Dauhen (L). 
If it is a queatioQ not of aseertaining, as nearly as possihle, the 
toial germ content oí a saniple, but only how many of the celU 
are capable of development in a given medium, then the latter is 
arranged in a solidiíied condition as a plate culture. For example, 
wort gelatin is generally ušed — unless the contrary be espreaaly 
atated— wben determining the number of germs in brewery water, 
It is important to know for certain nhether tbe colonies in a plate 
culture are each developed from a single cell, since it is only in 
such cases that a pure culture can be ohtained on re-inoculation. 
This aim b attempted by thin sowing and thoroughly ahaking the 
liquefied medium, in order to separate tho cells from each other. 
Kevertheless, there is always some uncertainty, which we muat 
endeavour to reniove by diacarding tbe íirst seriea of platea and by 
preparing a second seriea wherein any impuritiea may beeome 
manifest; then, if the colonies are found to atand this test, the 
re-inoculation a therefrom may be cousidered as pure cultures. 
This can be ensured from the outaet if the growth of the colonies, 
i.e., from tbe single cells, be followed by tlie aid of tbe 
scope from the beginning. This test ia, however, feasible only 
with large cella {Eumyeetes sporea, yeast cells, &c.), and will be 
enlarged upon in a subsequent chapter in connection with the 
pure ctdture of yeast. On the other band, it ia, aa a rule, imprac- 
ticable for bact«ria, since their examinatíon nccessitates the use- 
of auch a bigh (ahort focus) objective that the latter bas to be 
brought ao near the plato as to impinge on the gelatin stratům. 
Pure cultivatiou with solidifíed media is almost exclusively 
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Applícable td fungi alone, its application to other groupe having 
been successful f& tbe čase oí a few only oí the lowest iinicellular 
algSB. In this manner Beyerinck (VI.) prepared pure cultut6s oí 
the last-named organisms (frequently íound in the microscopic 
«xamination of river-water), viz., Chlorella vulgaris^ Scenedegmiu 
acutuSy ChhrospJimra limicola, Chlorococeiim (Ch/stococeus) kumi* 
^ólOj Stichocoecus majory and a second species of Chlorella. Wil- 
HELM KrOobr (I.) prepared by the plate method pure cultures of 
two alg8B, which he named Chlorella protothecoides and ClUorothe- 
ůium saecJiarophilum, írom the sap of the lesser maple. Quite 
recently Bbtbrinck (VII.), A. Cblli (I.), Fr. Schardinger (I.) and 
others, háve also successfully attempted the cultivation of Ámceba 
in tbe samé manner. 

The solid nutrient media in question are, except those contain- 
ing chalk, transparent, so that the plates prepared therefrom can 
be laid on the stage of the microscope and their colonies examined 
nnder a low power by transmitted light. The diíferences thereby 
observable form valuable indications for the identiíication of the 
individual species. A number of them, Baeillus subttlia for ex- 
«mple, excrete a peptonising enzyme^ in consequence of which the 
gelatin is liquefied as far as the solvent enzyme proceeding from 
tbe colonies is able to diíFuse, and thus a li<iaeíÍEictive celeny is 
obtained. The converse was supplied by such organisms as pro- 
dnce no enzyme (lapable of dissolving gelatin, and which therefore 
do not liquefy the medium, but grow as solid colonies. The 
development of these latter may proceed in various ways ; the 
colonies of Bacterium aceti, for instance, gradually assuming a 
stellar form, whilst those of the lactic acid bacteria háve a circular 
outline. Bacillus ramosus — a fission fungus frequently occurring 
in soil and in natural waters, and generally known as wnrzel 
(root) bacillns — which M. Ward (IV.) subjected to exhaustive 
morphological and physiological examination, grows on agar-agar 
to colonies built up of entangled, branched, and plaited threads 
resembling the roots of a tree. — A comprehensive description of 
these characteristics, as presented by the separate species of bac- 
teria, will be found in Eisenberg^s work. 

If a platinum wire, previou&ly heated to rednesa and then 
dipped in a bacterial culture, be thrust into a solid medium con- 
tained in a test-tube, the cells so implantcd in the passa^i^e formed 
by tbe wire will develop to a so-called poncture culture^ the 
appearsnce of which also aíTords valuable indications for the re- 
cognition of individual species. Organisms requiring air grow 
only on the surface, whereas those shunning the air will develop 
only in the deepest part of the channel, and those dissolving the 
gelatin will form a liquefied funnel. This latter indication is one 
developed in a highly characteristic manner by the cholera bacillus, 
and is, therefore, made use of in the bacteriological analysis of 
water. If a test-tube containing about 8 or 10 c.c. of liquefied 
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nutríent gelatin or agar-agar, be held at a sharp angle, the contents 
will set in the form of a wedge, and if the plane surface be stroked 
over with a small quantity of a culture, then a so-called streak 
enltnre will be developed. This also in many cases assumes a 
characteristic fonn that should be taken into consideration in the 
Identification of a species. The potato cultures already referred 
to are nothing more than streak cultures on the cut surfaces of 
steamed potatoes. We are indebted to C. Fraenkel and R. 
Pfeiffer (I.) for an excellent atlas of photographs of the colonies, 
streak cultures, cover-glass preparations, &c., of a number of (mostly 
pathogenic) bacteria. An atlas of coloured plates of these objects 
has been issued by K. B. Lbhmann and R. Neumann (L). 

It may be valuable, for purposes of instruction, to preserve in 
the cultures the appearance they present at the time of their most 
TÍgorous growth. According to G. Hauser (II.), the preservation 
of cultures on gelatin or agar-agar can be most conveniently ensured 
by means of formaldehyde. Cultures in test-tubes can be treated 
by moistening the cotton plug with formalin and then covering it 
with a rubber cap to prevent desiccation. Plates and cultures in 
Petři dishes can be kept for some time by covering them with 
filter-paper moistened with the samé antiseptic, which kills the 
cultures without destroying their forni. It also penetrates the 
medium, hardens the gelatin, and makes it unsuitable for the 
further development of organisms, so that the preparations thus 
treated are ezceedingly durable. Fuller information on the pre- 
servation of pure cultures of fermentative organisms, and practical 
hints conceming the arrangement of mycological musenins, which 
are very useful both for teaching and for reference purposes, will 
be found in the treatises prepared by J. Šotka (L), F. Král (I.), 
H. Plaut (I.), E. CzAPLEwsKi (I.), and E. Krúckmann (I.). 

The necessity will not infrequently arise for reliable (living) 
pure cultures of authoritatively named species of bacteria, Scc.y 
either for use as a starting-poiQt for study or for comparing, and, 
as far as possible, identifying some newly-discovered species. KráPs 
Bacteriological Laboratory (ii Kleiner Ring, Prague I.) can be 
recommended as a source from whence to obtain them. This in- 
stitution supplies living pure cultures, streak-cultures on oblique 
solidifíed agar-agar, in test-tubes at the moderate price of one to 
two marks ( = shillings) per tube. 

Koch's plates can also be ušed with advantage when it is a 
question of ascertaining which nutrient media are suitable for a 
given microbe. For this purpose Beyeuinck (VIII.) has deviíed 
a method which he calls Auxanography. A lo per cent. gelatin 
or 2 per cent. agar-agar in distilled water is prepared, both of 
which substances in the pure statě form very bad media, whether 
for bacteria or higher fungi. Plate cultures of the micro-organism 
whoae nu tri ti ve requirenients form the object of the investigation 

then prepared. These, if left to themselves, will not exhibit 



KOCH'S PLATE CULTURES. 135 

any appreciable degree of development, so the surface of tbe plates 
Í8 stippled with a f ew drops of aqueous solutions of the substances 
wbose nutrient properties are to be tested. Tbese drope are 
abeorbed by tbe gelatin or agar-agar, and form circular fields of 
diffuaion aioand tiie spots in question. Tbe tbickly sown cells of 
tbe species tinder examination will tben develop into strong 
colonies on tbose spots only wbere tbe requisite nutrient materials 
are encoimtered, so tbat the organisme inscribe, as it were, with 
tbeir bodies, tbe answer to the question propounded as to the suita- 
bility of tbe nutrient substances at band. Such a plate of colonies 
grown in this manner is called by Beyerínck an AuxAnogram. 
This metbod may also be employed for testing tbe toxic action of 
yarious substances on given organisms. Beterinck (IX.) also 
employed this process as a basis for the qualitative and quantitative 
metbod of micro-biological analysís proposed by him in the reference 
jost given. 



SEOTION IV. 

CHROMOGENIC, PHOTOGENIC, AND THERMOGENIC 

BACTERIA. 

CHAPTER XII. 

CHROMOPAROUS BACTERIA, PRODUCING RED AND 
YELLOW COLOURING MATTERS. 

§ 86.— Coloured and Colouring Bacteria. 

In classifying the chromogenic (colour-producing) bacteria, the 
situation, as well as the nature, of the colour has an importance 
that cannot be disregarded. An examination for this íirst-named 
characteristic in individual species quickly leads to the differentia- 
tion of the chromogenic bacteria into colonred bacteria on the one 
hand and colouring bacteria on the other ; the cells in the latter 
being themselves quite colourless, but excreting a coloured trans- 
formation product: these species háve been designated chromo- 
paxons by Beyerinck. 

In the coloured bacteria, on the contrary, the colouring matter 
remains >vithin the cells. This group may be divided into two 
sub-groups, the one comprising those coloured bacteria the colour- 
ing matter of which performs an important physiological function, 
as in the čase of the purple bacteria treated of in the following 
chapter ; such bacteria are termed chromophorons. On the other 
hand, the second sub-group includes those coloured bacteria in 
which the colouring matter has no such function, and must be 
regarded as a purely passive metabolic product, which is, neverthe- 
less, not excreted (as in the chromoparous species), but remains 
within the cell without manifesting any apparent activity. These 
bacteria are termed paxachromophorons. 

The chemical properties of the bacterial colouring matters and 

tbeir importance for distinguishing one species from another were 

discussed by Paul Schneider (I.) after exhaustive experiments 

with thirty diíFerent species. His results in this connection may 

be thus summarised : (i.) The bacterial colouring matters can to 

some extent be differentiated by their behaviour towards solvents. 

(2.) A given species, grown under identical conditions, always pro- 

duces the samé colouring matter. (3.) Two species, differing as 
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legards form and conditions of growth, may in cerťain casea 
produce the samé colouring matter. (4.) Most of tbe species 
apparently producing the samé colouring matter, and also analogous 
in other respects, can be differeatiated by the reactions of their 
colouring matter. 

§ 87.— Hicrococcus Prodigiosus. 

This being the oldest known chromogenic bacterium, will be 
dealt with fírst 

Many a victim of the proceedings taken against witchcraft 
duríng bygone centuries must háve been consigned to the 'stake 
on the charge of having fabricated the blood-red spots that were 
occasionally found developed on the Host, and which fiUed the 
credulous mind of the masses with horror; and even in 1819 the 
entire province of Padua was set in a commotion by the frequent 
appearance of such spots and drops on various articles of food. 
líiis red, slimy coating was examíned by Sette (I.), who re- 
cognised it as endowed with vitality and named it Zoogalactina 
inietrofa, A small quantity applied to stí 11 unaltered food-stufifs, 
&c, sufiQced to produce red spots on these latter. This phenomenon 
was fírst more dosely investigatcd in 1848, when it was of frequent 
eccurrence in Berlin. Ghr. Ehrenberg studied the spots and 
drops, and found them to consist of minuté oval cells 0.5 to 
i.o fi in length ; and bearing in mind their form and observed 
powers of locomotion, he classíiied this wonderful organism as a 
new species of his genus Aíonas, and called it Monas jprodigiosaj a 
designation subsequently changed by Cohn to Miďococcíis pro- 
digúmts: As this microbe (mostly appearing as approximately 
apherical cells) will, under certain conditions of environment, 
^ssUme an elongated form, it is also frequently named both 
Bacterium prodigiosnm and Bacilbis prodigiostis^ as was doně by 
Fliigge in his handbook. These names, therefore, indicate one and 
the samé species of íission f ungus, and are also synonymous with the 
older names PcUmdla prodigiosa and Bacteridium prodigiostim. 

This fission fungus excrctes a peptonising enzyme, and conse- 
quently liquefíes the gelatin medium. A temperature of 25** C. is 
the most favourable one for its growth, and it thrives most luxuri- 
antly on boiled potatoes, the formation of trímethylamine becom- 
ing at the samé time apparent. Starch paste, boiled rice, boiled 
^gg-^bumin, boiled carrots, boiled meat, milk, and many other 
food stuffs, form suitable media for this microbe, which, however, 
will not develop on raw potatoes, raw meat, or uncooked steeped 
rice. It is therefore evidently a truc saprophyte, occurring only 
in defunct or destroyed and converted nutrient media, When 
cultivated in thinly fluid solutions it exhibits — as was established 
by ScHOTTELius (1.) — brisk powers of locomotion. 

The red colovring matter, which is produced in presence of 
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air only, is, according to tíie researchea of this observer, at fírst 
diffusely dJítTibuted througli tlie youug cells, It is tlien excreteil, 
and coUecta into varioua-aized graaaleswliich lie between tho cells 
and so impart a red coloration to tho cultura. The tone of the 
colour chaogea with the age of the cultiire, beginning as a pale 
rose and paseing tlirough a briijht scarlet stage into dark brown- 
ted- According to the reseatchea of J. Schrobteb (I.) and 
ScHKURLEN (III.), the colouring matter is inaoluble ín water, bnt 
readílf soiuble in alcohol, :cylene, chlorofurm, carbon bisnlphide, 
and, to a slighter extent, also in ether and iu fáta (e.g. olive-oil). 
The alcoholic solution exhibits in the spectroscope tliree ab- 
sorption bands : one beyond D, the second just before £, and the 
third before F. The elementary formula waa detemiiiied by 
A, B. Obiffiths (L) as C^uH^jNOj, Ihough the analytícal reaulta 
obtoined by Sclieurlen are not in coníormity therewith. The 
opinion expresBcd by O. Erdmakn (I.) that the colouring matter 
geuerated by M. prodigioauf is identical with fuehaine has beeu 
contradicted by Otto Hslm (I.) and Bordoni-Uffbbddzzi (L). 

This fission fungus forms a very stiitable object for the study 
of mutabilltr. E. Wasserzuo (I.) traced the changos of form 
which this species underwent in consequenee of alterations of the 
oonditions of nutrition. By ropeated cnltivation oa faintly acid 
media — 0.3 to 0.4 gnn. of tartaric acid per litre — cultures are 
obtained the cella of which aie no louger gSobiilar oř oval, but 
exhibit the form of actively motile long rods and threails; tho 
modifications being the more pronounced as the number of inocu- 
lations Í3 increased. As aoon, however, as an inocnlation ia mada 
from such acid liquids into an alkaline mediura, the typical short 
c«lls reapi)ear. This reversion also occurs when the cells remaia 
foi some time in the originál acid medium, after the reaction has 
become alkaline from the transformation products ( tri methy lamině, 
&c.) excreted by tha roicrobe. 

Iii addition to the form of the cells, the developraent of colour- 
ing matter is, as Schottelius haa found, also dependent on the 
nutritiva conditiona ; since, if a prodigioĚue culture, grown at 
io°-25° C. and already red in colour, be inoculated on sterile 
potatoea (steamed and cut in halves), and the temperature kept at ' 
38°-3g° C., the inoculatiug atreaka develop into eohťrleas streak. 
culturea. From these again a red culture can be once mora 
obtained hy suitably modifying the conditions of the culture, i.e. 
reverting to a lower temperature. 

g 88.— Llpochromes. 

With the organiam mentioned in the last poragraph are classi- 
fled a number of other species also producing red colouring matter. 
I 'ne of these, liariUiis erythroíporu*, iirat discovered by Ed. Eidah 
(I.) in putrefying Bgg-albumin, is of particular interesl, This is a 
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slender motile bacillus, which does not liquefy gelatin. As is 
índicafeed by its second name, tbe aeat of the dirty red colouríng 
matter íb not in tbe yegetative form of growtb, but in tbe endo- 
spores. Tbe so-called (motile) " Kiel baciUíu," found by Breuning 
in the Bay of Kiel, occurs generally as long rods (0.8 ft broad, by 
2.5-5 /i long), whicb liquefy gelatin. Tbere is great similaríty in 
tbe led colonring matter produced by tbis bacillus and Microcttccus 
prodigumtěf but tbe fonner microbe is distinguisbed by its greater 
ausceptibility to direct sunligbt, wbicb, uccoiding to tbe researclies 
of £. Laurent (I.), permanently destroys its cbromogenic power. 
A aimilar eíTect is produced by tbe presence of carbobydrates in 
tbe medium, tbe Kiel IxicilliiSf in such event, elaborating no 
colouríng matter. Tbe following cliromoparous red species will 
only be briefly alluded to : — Bcicillua ruber^ discovered by Frank 
and descríbed by Cohn (II.) ; Bacillus indicus, discovered in the 
contents of tbe stomacb of an Kast Indián ape; the Bacillus 
granukUus of Babes ; Bacillus corallinus, isolated by G. Slater (L) 
from atmospberíc dust, and the Bacillus rubellusy discovered by 
Okada (I.), irbich fonns endospores and thereby assumes the 
dostrídium form. 

Greater interest attacbes to several red and yellow species 
stndied by Zopf (IV.), and especially as regards their colouríng 
matterSy wbicb were named by him lipochromes or fat-colouríng 
matters. These are ezcreted from tbe cells and collect between 
them to form dendrític crystalline aggregations, which are luminous 
in tbe darkened field of the polariscope. The lipochromes known 
at present are red and yellow, the former being styled Uporhodine, 
and tbe latter lipoxanthine. The reagent for these is concentrated 
sulpburíc acidf whereby they are converted into deep blue acicular 
crystals of lipocyanine, which remain isolated when derived from 
lipoxanthine, but arrange themselves in characterístic groups when 
produced from liporhodina. Ulustrations of these will be found 
in Ovsrbeck'8 (I.) work on tbis subject. These colouríng matters 
can be extracted from the cultures by means of ethyl alcohol, in 
wbicb they are just as soluble as in methyl alcohol, chloroform, 
carbon bisulphide, and benzene. On evaporating the solvent, a 
fatty mass, fumishing the acrolein reaction, remains behind. This 
being saponiíied and salted out with a bot solution of sodium 
chloride, tbe liquid underlying the soapy layer will ccmtain the 
colouríng matter, which can then be extracted by shaking up with 
petroleum spirít and examined spectroscopically. Of these species 
tbe following were more dosely examined by Zopp (V.) : — Micro- 
coeeuě rhodochrous, isolated from the contents of a goose^s stomacb, 
is about 0.9 fi in diameter, and will grow on nutríent gelatin, 
potato discs, &c, to form deep red masses. The absorption 
spectrum of the liporhodine extracted therefrom shows an al)- 
sorption band in F. The Mia^ococxus Erythromyxa^ obtained 
from tbe town-water of Halle, has a diameter of 1.0-1.2 /i, and its 
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colonies on the nutrieut media refcrred to resemble in appcaratice 
those of the first-named species. In «ddition to Uporliudíiie, how- 
ever, it producea a yellow colouriiig matter, soluble in water, but 
of unknowti nátuře. 

Antittietical to these two red-producing species are : Baeterium 
egregium, obtained from atmospheric Uust ; tlien ISacíerium Cliryso- 
ptoia; and finally the Slaphi/lococcw pi/mjenee aureua already 
several times referred b) in the previoiis chapter. These three 
develop into yellow cultures producíng lipoxanthine, the absurption 
spectrum of which conaísts of two bands, one npur F and the 
otlier bfltwoen F and G, 

g 89.— Red Coloration in Milk 

may be due to vnrious caiises, one of theni Ijeing an admixture of 
blood derived from a bíokeu blooJ-vesael in the ndder. In this 
caae tlie coloration of the liqiiid is not uniforra, but ia due to 
scattered patches of red, flocculent blood coagulum. If, on the 
other liand, the milk ia found to be uniformly coloured red oř 
reddtsh throughout the entire mass as soon aa it is drawn from 
the udder, tlien other couses are in operation. If the colour 
undergoes no changa on standing, it is attributable to the fodder 
having contained a large quantity of madder (Rtibia tinetorum) ar 
of Galium verum. Should, however, the red-drawn milk pre- 
cipitate a red sediment on standing, the colour of the liquid con- 
currently decreaaing, then the coloration is due to a tranaudation 
of hiematin. This čase is analogous to that of " red water," and 
is a consequence of the consumption of híghly stimnlating fodder. 

When, however, a normiil milk gradiiallij beeomeii i'ed after 
ttandinri, then laicro- organisme are at work (Mierococcua prodiyiofíis 
l>eing frequently the agent), and the colouring matter excreted by 
the organism is absorbcd by the fat globules of the milk. This 
microbe has already been more minutely characterised in the 
přece ding paragraph. 

A aecond niilk - reddenins organism is the BcifiUns lactia 
eryihro/ienes, discovercd by Huepiw and more dosely examined 
by Grotbnfklt (I.), The non-motilc rode of this organism are 
0.3-0.5 fi in diameter, with, usiially, a length of 1-1.5 /^i ^'^'' 
attaining to 4.3 (l in bouillon. This lission fungus (wJiich liquefies 
gelalin) grows on solid media to yellow colonies which excrete 
around their periphery a red colouring matter. When inoctilated 
into aterile milk it producea a gradual coagnlation attended with 
a sickly-sweet odour, without aflccting the reaction of the liquiď 
to any appreciable extent. The seriiin gradually clariíyíng from 
the depositcd casein absorbs the reaulting dcep red colouring 
matter, which developa nioat copioiialy in the darfc and ceases to 
form if the culture be oxposed to light or the medium hna an ai;id 
reaction. Ita absorption spectrum exliibita two strong banda 
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'l)etween the lineš B and £ and a thitd in the blue. A species of 
fissíon f ungus allied to B, ladis erythrogenes has been isolated from 
•led milk by A. Baoikskt (I.). 

Of the sarcina gioup two species are known to be endowed 
•with the faculty pí reddening milk. One of these was discovered 
by K. Mbnob (II. ), viz. Sarcina rosea Menge; and the second 
was isolated from red milk by L. Adametz (II.), and was identified 
with the Sarcina rosea Schroeter, very frequently met with in the 
air. Apart from the red coloration, Menge's sarcina produces no 
noteworthy changes in milk, but Schroeteťs sarcina, on the other 
hand, first precipitates the casein which is subsequently gradually 
re-dissolved. Consequently a milk-culture (growing dark brown 
in colour) kept at 25** C. for four to fíve weeks no longer exhibits 
.any deposit beyond a sediment consisting of sarcina packets. 

Red coloration in cheese may arise from various causes, those 
of a purely chemical nature being merely referred to here for the 
purpose of diíferentiation. According to the researches of H. 
BuRSTERT and F. J. Herz (I.), a number of rhodanate (thiocyanate) 
comf>ounds develop in ripening curd, and when the ripe cheese is 
cut the iron compounds therein oxidise and combine with the 
thiocyanates, the resulting ferric thiocyanate being in sufficient 
quantity to impart a red or reddish tinge to the cut surface. A 
sample of cheese thus reddened is decolorised by immersion in 
a solution of oxalic acid, so that this reagent shouid be employed 
in doubtful cases. If, on the other hand, micro-organisms are at 
work, the result is diíferent This disagreeable phenomenon is 
more rarely encountered in hard than in soft cheeses. Red spots 
gradually form on the surface and spread by degrees, but do not 
penetrate more than a few millimetres into the substance of the 
cheese. The spots may be composed of red Euinycetes or of 
pigment bacteria. Adamktz (III.) isolated two species of micro- 
coccus from red cheese, botli of which develop a red colouring 
matter in milk and cheese; but more frequently Eumyceies, i.e, 
higher fungi, are the cause of this phenomenon in cheese. These 
will be discussed in a subsequent section. 

The cause of the reddening of dried codfish (stock-fish) was 
investigateil by Le Dantec (L). About one-third of this article 
put on the market is said to be affected by this evil, and is 
thereby rendered unsaleable, not only by reason of its salmon 
colour, but also because of a popular belief that reddened stock- 
fish is poisonous. The annual loss thus entailed is estimated at 
ten miUions of francs (;^4oo,ooo). Le Dantec isolated three 
organisms from such spoiled fish ; the first being a sporogenic red- 
producing bacillus, morphologically similar to tetanus bacillus, and 
liquefying gelatin ; secondly, a coccus of 3-5 /x diameter, develop- 
ing on gelatin to solid red colonies, but not producing a red 
colouring matter in the fish unless aceompanied by a second 
species of coccus, which, by itself, is incapable of developing 
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colouiiiig matter. In order to reiider the reddened fisli fit for 
tiole iLgiti&t it is bruslied in cold water and re-dried. In America 
borax is added to tha salt ušed iii curing the fiah, in order to 
prevent the development of the evil ; and an addition of írom 
JO to 15 per cent of sodium bisulphit« oř potassium nitráte 
(8alt]>etre) ís also said to be efficacious. 

g 90.~fiacteFÍa Produolng Yellow Colouring Matters. 

These were firat studied by C. J. Fuchs (I.) in 1841, the 
atarting-point of hÍ8 researches beitig the so-called yellow milk, 
í.e, milk that on etanding develops a pale- to orange-yellow 
colomtion. 

The cause of thia appearonca was tniced to a microbH named 
Filrio íyraxmthut by Ch. Ehrenberg, and afterwards known also 
as Vibrio ^aní/iogenuu and Baderium iiyiixanthum. The Bame 
phenomenou was also investigated by J. Šchroetbr (I.) in 1870; 
according to whom it occuw in boile<l milk only, inoculations írom 
a slightly yello^red milk into normál unboiled milk being un- 
successful. The activity of lactic acid bacteria was presuniably 
the cause of thia preventioa On inoculation with this microbe, 
boiled milk coagulated after twenty-four hourá, and the yellow 
coloratioD made its nppearance afl«r the lapse of a eecoiid period 
of equal duration. Tliereafter the precipitated coagulum gradu- 
ally disappeared and became re-dissolved, ao that in six days the 
milk had beeome converted into a citrou-yellow, watery, strongly 
alkaline liquid containing merely a few fiarticlea of casein iu sus- 
pension. The pigment is insoluble in alcohol oř ether, but aoluble 
in water ; it is unchanged by alkalies, but acida combine with it 
to form a colourleas compound. The absoriition epectnim is do- 
void of characteriatic banda anU meroly eshibita a darkening of 
the rays on either side of the yellow. Scliioeter pruposed the 
name of Bacíerium xanlhinum for tbe microbe investigated by 
him, wliich designation waa converted in láteř text-books to 
Baeiihit synjranthva. It is desirable that the study of tlie organ- 
isma of yellow milk should be taken up anew, aince SchrQeter'B 
investigations were not perfomied upon pure cultures in the present 
acceptance of the term. 

With the species hitherto described (Bacieríum fígregium, B. 
Cňryšoffloia, Stapliylocoeeu* pyogenes aureue, B. synxanfhum) there 
can be associated a number of others, equally characterised by the 
faculty of producing yellow colouriDg matters. Of these, mention 
will hero be made merely of the Mia-oetKcus ochroleuciu, discovered 
by O. PROVK (1.) in human urine in a statě of incipient decomposi- 
tion. A\'hen kept in the dark this microbe develops into colouriesa 
cultures, but ií exposed to diffuse dayligbt oř the euu's rays, it 
elaborutes a snlphur-ycllow colouring matter. This may, therefore, 
be regarded aa a probable means of protection. 
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Many species of bacteris pioducing orange-yellow oř orange-red 
eolouring matten are met vith in aii, water, and boíL Since they 
are of no particulai importance, it will be sufScient to merely 
mention a couple of them, viz., the Micrococewt aurantiacm 
(" Baderidium aurantiacum), desciibed by Cobn and Schroeter, 
and the Baetílut auraniiaevt, discovered by Frankland. 

The group of globular Seliúomi/eeleB to which the generic name 
of Sarcina has been applied ia rich in species producing red or 
yellow colonring matters. A few examples of the fonuer having 
been already given in pre\'ious paragraphs, it will now be stifScient 
to conaider merely those developing into yellow coloniea. The 
first observation of any sarcina species whatsoever waa made in 
Goimectioii witb a species of this group, 
John Gdodsir (I.) in 1842 discovered, ^a 
in the vomit of a patient suffering from J|B 
a diseaaed stomach, coloniea of microbes ' 
resembling bales of meichandise in form, 
to which he applied the name SarciJia W 
verdrieuli (Fig. 33). His opinion that ^ 
the microbe was a TeRStable organism ^ 
led to a controversy ouly terminated in q 
1847 by ViECHOW (L), who ogreed with 
his Engliah colleague. Sarcina ventrxcvli fit 
produces, however, but a faint yellow mm 
eolouring matter. The eells of the S'ir- ^'{^ 
ana fiava, described by Ue Bary, which 
measure i-a /* in diameter, produc« a yellow eolouring matter, 
and this species is distinguished from the Sarcina lutea, discovered 
l^ Schroeter, by its power of liquefying gelatiii. Faul Lindner 
prepared pure cultures of Sarcina avrantiaea from Berlin " WeÍ8»- 
IneT" (white beer), the eolouring matter of which otganísm is, 
according to the reaearches of H. von ScbbOtter (I.), allied to 
lipoxanthine. Na sarcina producing blue, violet, or green eolouring 
matteis are as yet knowa 
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CHAPTER XIII. 

PURPLE BACTERIA AND THEIR BEHAVIOUR 

TOWARDS LIGHT. 

§ 91.— Their Morphology. 

When in September 1826 the ** Yersammlung Deutscher Nátur- 
forscher und Aerzte" (Association oí German Naturalists and 
Physicians), founded by Lorenz Oken in 1822, was held in Jena, 
Ch. Ehrenberg was among thoso present. In the course of a stroll 

to the neighbonring village of Ziegenhain 
he observed, in a pool in the brook below 
the church, a number of large red patches, 
^ UjU aboiit a handsbreadth across. These he íound 

tR^ \^ to be composed of enormous swarms of a 

L ^ unicellular cylindrical organism provided with 

* ^ a single cilium and measuring 10-15 Z'* ^®^g 

by 5 /x broad, which he named Munaa Okenii. 
^'f * "^Ál. Láteř on, Pbrty (I.) arranged this species, along 

Magn. 600. (4/terCoAn.) ^^1**^ ^^^^^ similar ones, mto a new genus, 

Chromatium^ and the Monas in question 
then received the name Chroinatiujn Okenii, which it still retains. 
This organism is shown in Fig. 34. 

The main reason for considering this organism here, separately 
from the other red bacte ria previously noticed, is on account of its 
physiological action ratlier than its morphological character, which 
action places this bacterium (and many oiher similar species) in quite 
a distinct category from all other pigment bacteria, and, in fact, all 
other bacteria whatsoever. Even in 1875 Cohn (II.) expressed a 
doubt as to whether the ciliated Chromatium Okenii and allied 
forms could be classed as bacteria nt all, since it was at that time 
assumed that the latter organisms were not endowed with speciál 
organs of locoinotion. Ilowever, as explained in Chapter iii., the 
improvements made in the methods of optical and micro-chemical 
examination háve led to this opinion being modified. 

The chief characteristic of the Chrmnaiia and their congeners 
is their behaviour towards light ; but before considering this more 
dosely we will throw a glance over the multitude of organisms now 
in question, with some of which we háve already had an oppor- 
tunity of becoming acquainted. Thus we know from § 68 that 
Lankester studied the ciliated red inonads and classified them all as 
speciál forms of growth of a single species (" Bacterium rubeicens "). 
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This unproved pleomorphism we declined to recognise at the time, 

but must now revert to it in order to append the remark that^ 

though ve are not indebted to the last-named vorker for any 

zevelatione regarding the morphology of these 

organisms, we háve to thank him for an ex- 

haustive study of their colouring matter, which 

he termed bacterio-purimrin. A f onn similar 

to Chramatium Okenii was discovered by £. 

Warming (I.) on the coast of Seeland and 

afterwards examined by Cohn, and by him 

entitled Monas Warmingii (Fig. 35), so that 

Perty'8 proposition with respect to tlie generic 

name Chromatium seems not to háve been 

accepted by the Breslau bacteriologist. Whilst 

the species hitherto mentioned differ among Magn.600. (A/urCohn.y 
themselves in point of size, but not appreci- 
ably in f orm, and all more or less correspond with the plump, short 
rods shown in the drawing, a second group of similar species exhibite 
the spixillnm form of growth. One example of this is afiforded by 




FlO. 35. 
Monas Warmingii. 







FIQ. 36. FlG. 37. FlO. 38. 

Siiirillum Yolotana. Ophidomonas sangiiinea. Bhabdomonas rosea. 

Magn. 600. i4fter F, Cohn.) Magn. 6cx}. (AfterF, Cohn.) Magn. 60a (A/ter F. Cohn.) 

Spirillum ruhrum (Fig. VI. Plate L), a second being the Spirillum 
vólnianSy shown in Fig. 36, and a third the Ophidomonas (Fig. 37), 
described by Ehrenberg. A third sub-group fínally comprises 
organisms of elongated spindle form, and therefore resembling a 
whetstone in outline ; e,g, Rhahdomonaa rosea (Fig. 38) — 4-5 /x 
wide and 20-30 /a long — first observed and described by Cohn. 
These organisms are not infrequently to be found in ponds and 
lakes; sometimes being so abundaut as to colour the water red, 
A series of observations respecting such occurrences was made by 
Charles Morren (I.). 
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PURPLE BAOTERIA. 

S 92.— Influenee of the Individual Coloups of the 
Spectmm. 

The nBceaaity for a separat* considerntion of these red epeciee, 
grouped together by Ekoblmann (V.) as purjAe baclería, is soon 
appareat whea an titt^mpt is made to study their plijBÍology. The 
baoteria described in the previous ehapter, of wliich Micrococcuě 
prodiffiogus maj serve as an example, also produce red colouring 
matter ; but, in their čase, the latter is a mere inert waate product, 
appearing iinder certaiti conditions, ui absent under otbers, without 
the growth of the cell being thereby serioualy affected. Contrary 
to thís, the purple bacteria do not 
excrete aay colouring matter Ínto 
the environnient, but the pigment 
Dccura exclusively within the cells 
(Fig. 39) iu the part of the contenta 
which immediately adjoina the cell- 
wnll, and (vhich is descrjbed in 
Chapter ii. aa the parietal layer. 
The bacteriu-purpurin is not always 
diatributed throughout the whole of 
this layer, but is frequently restricted 
to isolated spots tberein, and, in 
exceptioDal inatances, is altogether 
abaetit. It is not present in any 
definite shape, such aa granul es, 
banda, or plates, like tlie cblnrophyll 
of the higher planta, but occurs 
diffused in the plasma. 

It has aiready been stated in 
Chapter iii. tbat the purple bacteria 
exhibit great avidity for light, and 
therefore alwaya strive towards the 
aunlight. Closer observation shows 
thia behaviour to be intimately connected with the presence of 
bacterio-purpurin. It waa a happy thought on the part of Engel- 
mann to invcati^ate the nature and extent of the influence eserted 
on the vitality of the purple bacteria by the several colours of the 

If a prepnration rich in such organisms be placed in a drop of 
water, and a mieroupectium of a few miliimetres in lengtb be pro- 
jected tbereon, a rapid niovement towards certain parts of the 
epectrum wiJI be observed undor the microscope, the organisma 
collecting and resting tbere in macroacopically visible bands, " 
quickly killing the cells they wili reniain in position and conatituté 
a ]>ernianeiit preparation, or, as Engelmann appropriately named 
it, bacterio-spectrogram. Thia, ivben submitted to examination, 
is found to correspond with the abaorption spectrum of bacterio- 
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tnurpuriiiy ahowing a sharply defíned band in the ultra-red {w&ve 
lengih A. » ap to 0.8 fi) ; a second, lesa powerf ul, small band iu 
the orange (A. « 0.61 to 0.58 ft) ; and, fínally, a pale washed-out 
band in the green (A =» 0.55 to 0.52 fi). Engelmann then deter- 
mined by an accurate quantitative photometric examination, with 
the aid of the bolometric method, tíiat a remarkable ratio prevails 
between the intensity of the physiological action and the extent 
of the absorption, i,e, the attractive force of a given colour of 
the spectrum is greater in proportion as the latter is retained by 
the colouring matter. From this is deduciblo the further con- 
dusion, that the purple bacteria háve great need, not merely of 
light in generál, but of certain components thereof in particular, 
and especially those corresponding to the linea Aq, D, £, of the 
spectrum. 

§ 08.— Assimilation and Oxygen Elimination. 

This behaviour of the purple bacteria, unique in the bacterial 
kingdom, reminds ono so much of the connection between light 
and the activity of chloropliyll in the higher planta, that not only 
does the question naturally arise as to the nature of the reactions 
occurríng umier the influeuce of the selected ruys, but also the 
idea that here likewise there is assimilation nccompanied by the 
elimination of oxygen. This is, in fact, the oase, the purple Imc- 
teria excreting oxygen in the presence of light. 

Enqblmann (VI.) proved this in a variety of ways. One of 
his experiments, which demonstrates it in a very elegant manner, 
is based upon that already given in § 41. Quiescent forms, re- 
sembling a zoogloea, of one or other of these 8j)ecies are employed, 
a portion about 2 sq. m.m. in size being placed in a drop of water. 
To this are added a number of aerobic organisms (e.fj. Spirillum 
tenu€y Sp, undulOy various infusoria, &c.), capable of reacting on 
«ven small quantities of oxygen, and the covcr-glass is surrounded 
with vaseline to prevent the admission of air. The oxygen dis- 
solved in the water is very quickly exhausted, and the organisms 
come to a standstill. If, now, the preparation be illuminated. it 
will be seen directly that the wanderers scattered about rise and 
hasten to the red skin where the oxy<,'en they need is produced. 
On the other hand, when replaced in the dark, they disperse again 
in all directions. That oxygen is the attraction is demonstrated 
by the circumstance that the j)henomenon just described does not 
occur when the experiment is performed on a preparation tlie 
cover-glass of which is not niado air-tight, and to which air can 
consequently penetrate by diffusion. 

This peculiarity gives the purple bacteria a unique position 
amongst the Schizomycdes as a connecting-link between them 
and the green plants. From its capacity of converting the actual 
-energy of light into potential chemical energy, and of changing 
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vibrations of light into force, bacterío-purpurin deserves the titla 
of a trne chromophyll, since it plays in the purple bacteria the 
samé role as chlorophyll does in green plunts. These two sub- 
stances are antithetical, accomplishing similar tasks by different 
methods of working. On more plosely examining the individual 
spectral colours for their power of eliminating oxygen, this latter 
faculty is found to be proportional to the absorptive capacity of 
bacterío-purpurin for the colour in question. The maximum eífect 
is produced in the čase of the aforesaid ultra-red rays (X = 0.8- 
0.9 fi), whilst, on the other hand, the rays between the lineš B 
and C are inert. With chlorophyll the coii verse is the čase, this 
being quite inactive in the ultra-rcd rays, and exerting its greatest 
effect in the red rays (between B and C). 

The aforesaid ultra-red rays (A = 0.8 to 0.9 /x) are well known 
under the name of " invisible heat rays," being inappreciable to the 
eye as light. The discovery that they are the rays that not only 
enable the purple bactería to exhibit activity, but also spur the 
latter on to their highest degree of efficiency, allows the wider 
conclusion to be drawn that the elimination of oxygen through 
the activity of the vegetable cell is not deperulent on the co- 
operation of visible light rays, but may also proceed in the dark. 

So far for the facts ; but looking beyond them, it may be asked 
if the faculty of absorption in the dark is inseparably connected with 
the presence of bacterio-purpurín, or if there are also colourless bac- 
teria similarly endowed. The answer to this query will be found 
in Chapter xxxvi., which treats of nitro-bactería. This is a matter 
of such great interest as to deserve speciál consideration ; at present, 
therefore, we will merely review the facts hitherto discovered in 
the čase of the purple bacteria, their generál importance being so 
great that we shall certainly not regret having bestowed attention 
on these organisms, notwithstanding that they are devoid of 
technical application. The scientific harvest they are capable of 
yielding is, however, still far from being exhausted. It will be 
remembered that it is in the outer layer of the inner substance of 
the cell of these red organisms that this very inňuential bacterío- 
purpurin has its abode, and that the centrál substance is surrounded 
by this layer. The study of this from a morphological standpoint 
by Biitschli led to the conclusions respecting the structure of 
bacteríal plasma already recorded in an earlier section. The in- 
vestigation of the physiology of this centrál substance has yielded 
a socond seríes of weighty results, which will be given in Chapter 

XXXV. 



CHAPTER XIY, 

CHBOMOPAROUS BACTERIA, PRODUCINQ BLUB, GREEN, 
AND VIOLEŤ COLOURING MATTERa 

§ 94.— Blue Coloration of Hilk 

is^a phenomenon known from time immemoriaL The opinions 
as to its cause are widely divergent, but the earliest of them are 
at present only of historical interest They may be found in 
Martint'8 (I.) useful handbook, which (it may be parenthetically 
obeerved) afibrds a rich supply of information respectiug the litera- 
tuře pubííshed on milk, butter, and cheese up to the year 187 1. 

The fírst to arrive at the opinion that the blue coloration of 
milk might proceed from some extemal infection penetrating into 
the liquid was Strinhof (L), who, however, made no attempt to 
prove by experiment the correctness of his hypothesis. This was 
only effected three years later, viz., in 1841, by C. J. Fughs (L), 
vho inferred from the results obtained during numerous inocula- 
tion experíments and much microscopic research that the blue 
coloration of milk ia induced by the development of a pigment 
microbe, which he fírst named Vihrio eyanogenu8 and then B<ic- 
teríum synq/aneum. 

Unfortunately, however, for the study of this question, Liebig 
just at this time promulgated his theory of fermentation, and 
fettered philosophers in his dogmatic shackles. This explains 
why Haubner (I.) lost sight of the object for which Fuchs had 
stríven, and, by endeavouring in 1852 to adapt the result of his 
numerous and careful experíments on this point to preconceived 
opinion, came to the conclusion that the blue coloration of milk 
is not caused by vibrions, but by a lifeless chemical ferment con- 
tained in the decomposing casein. If , then, this work is mentioned 
now, it is not for the purpose of controverting its imtenable con- 
clusions, but because it contains an instructive descríption of the 
development of the milk disease in question. It runs verbally as 
f oUows : — 

" Under ordinary domestic conditions blue milk occurs only in 
the warm season, and persists from early summer to autumn. In 
small households where the milk is not kept in a separate cham- 
ber but in warmer apartments (living rooms), the evil may be 
prolonged through the winter. A oase of this kind is recorded by 
Steinhof as lasting for twelve years, without interruption, in the 
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house of a farmer. The blue coloration appears from twenty-four 
to seventy-two hours after the milk is drawn from the cow, the 
procese being accelcrated by warm, close weather, and retarded by 
cold. At a temperature of i5°-2o* R. (i8J*-25° C), it may ensue 
in twenty hours — Ihe shortest limit of time observed by H. — 
whilst, at only a few degrees above zero, it may linger on to the 
seventh day. The colocation always begins to form at the surface, 
nevěr in the dcpths of the liquid, and geuerally appears at fírst 
as isolated patches or dots, immovable, and increasing in circum- 
ference and depth ; so that there are various stages, ranging from 
single superficial patches to almost complete impregnation of the 
mass with blue colour." 

F. Nbelsen (I.), in i88o, took up the work commenced by 
Fuchs. Convenient and reliable methods of pure cultivation were, 
however, lacking at that time, and, in fact, the cultures prepared 
by Neelsen, when subsequently examined anály tically at the 
laboratory of the Berlin State Board of Health, were found to 
consist of a mixture of four species of bacteria, only one of which 
proved capable of developing blue coloration in milk. Tbis one 
was named by Hueppb (IV.) Bacilltus lactts cyanogenus, and consists 
of actively motile, spore-producing rods, 0.3-0.5 /x broad, 1-4 /a 
long, such as are shown photographically in Fig. lil. of Plate I. 
They are non-liquefactive towards gelatin, and are extremely 
sensitive to higher degrees of acidity in the medium, a circum- 
stance explaining the facts (noted by Haubner) that sour milk 
does not turn blue, and that blue patches produced in sweet milk 
cease to spread when the latter turns sour. 

This físsion fungus is highly aerobic, and consequently requires 
oxygen as an essential factor for its development In order that 
this need may be supplied, the organism always grows on the 
surface of the liquid, 80 that the colour is produced in that situa- 
tion solely, and only becomes disseminated through the bulk of 
the milk by dififusion. 

This microbe grows not only on milk (and equally well on 
human milk as on that of the cow, ewe, goat, maře, ass, and dog), 
but also on many other media. On several of these {cg, almond 
milk, boiled rice, boiled potatoes, vegetable casein, Cohn's nutrient 
solution qualified with ammonium lactate) it also develops colour- 
ing matter which, on the other band, is not formed in cultures 
on animal albumin (egg-albumin, blood sérum), gum, and a few 
other media. In artifícial inoculations the period of incubation, 
ť.6. the time elapsing between the inoculation and the visible 
appearance of the blue coloration, is found to be about twenty 
hours, but, as Haubner ascertained, depends on the prevailing 
temperature. Milk with a tendency to this disease transmits the 
property to the butter prepared from it. 

The colouring matter is not stored up within the cell, but i^ 
merely produced there and excreted into the surrounding medium; 
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BfMcUluB Icíctis cyant>genu8 is therefore chromoparous. The con- 
stitation oí the colouríng matter has not yet been determined 
with accuracy, but O. Erdmann (I.) was led by his comparative 
expenments to consider it as one of the aniline group, viz., 
triphenylrosanilinc. Keel8en's endeavours to prepare it in a pure 
condition were írustrated by reason of its instability. Dilute 
Solutions of acetic acid, hydrochloric acid, phosphoric acid, sul* 
phuric acid or nitríc acid produce no noticeable alteration. Am- 
monia gives rise to a violet tint, whilst under the influence of 
the hydroxide or the carbonate of potassium or sodium, conversion 
into a beautiful rose-red occurs, the originál colour being restored 
by acidifícation. Frequently the low degree of acidity of the 
milk, under which condition the bacillus is still able to develop, 
Í8 insuíiicient to euable the colouring matter to assume a deep blue 
tint The colour of the surface of the liquid is merely greyish- 
blue, and only becomes a pure, f uU blue when the lactic acid bacteria 
come into action and raise the acidity to a suíficient degree. The 
colour shade in individual instances may exhibit any intermediate 
tint between a delicate light blue and the deepest indigo. Accord- 
ing to Neelsen, the absorption spectrum of this colouring matter, 
which consists of the strong lineš E and F and of a broad band in 
the yellow, is almost identical with thnt of triphenylrosaniline. 
From the researches of C. Gessard (I.) and K. Thumm (L), it 
appears that Bacillus cyanogenus also produces, in addition to the 
blue colouríng matter, a yellow fluorescent substance. L. Hbim 
(IIL) and P. Behr (I.) háve given an account of a variety of this 
bacillus that had lost its faculty of producing colouring matter in 
nutrient gelatin, nutrient agar-agar, and skim milk. W. Zanoe- 
MBIBTEK (I.) found on milk that turned blue spontaneously a 
fission fungus {B, cyaneo-fluoreacena) allied to Bacillus cyanogenus^ 
further particulars of the properties of which will be found in the 
treatise referred to. 

Bacillus cyanogenus is not injurious to health. The poisonous 
properties attributed to blue milk by early observers — Steinhof 
and Mosler — háve been controverted by Haubner; therefore, if 
illness has actually ensued on the consumption of such milk, the 
fission fungus in question was not to blame. Harmlessness apart, 
blue milk is not a merchantable article, and its sále should be 
prohibited, since its appearance is, to put it mildly, unappetising. 

Since the causes of this blue coloration in milk háve become 
known, its occurrence has, as a rule, been very limited ; and when 
it is observed, many ways of combating it are employed, chief 
among them being scrupulous cleanliness in all appliances and 
utennls with which the milk comes into contact. The dairy or 
milk-room is then thoroughly sulphurcd several times, and, 
finally, a little salt or Glauber salt (sodium sulphate) is added 
to the cows' dietary. This last-named remedy must^ however, 
be employed with discretion, since, under certain circumstances. 
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it may prejudicially affect the health of the animals and the com- 
position of the milk, as waa ascertained by E. Hess, F. Scrapfer, 
and M. Lakg (I.). The milkers' hands and the cows' udders 
shouid be carefully waahed before milking. The sudden appear- 
ance of the evil, and its frequent disappearnncc aíter a change of 
fodder, pennit the concIuBion that the bacillus occnra not infre- 
queutly on certam vegetablea, froin which it finds its way into the 
dung of the animal and thence into the milk. 

As has already been stated, the blue coloratton of milk by 
bacteríal ageucy is efiected gradually when the tiquid is left to 
aland, and firat makea its appearance on the aurface, If, on tbe 
other haiid, the milk ia of a bluish oř blue colour when freshly 
drawn, this results from the cow having partaken freely of the 
tlowering rush {Buíomus umhellatits), which contains a blue coloui- 
ing matter (indigotinl) that ia taken up by the gastric juicea, 
conveyed in an unaltered condition into the arterial circulatíon, 
and thus finds its way into the milk. 

§ 95.— Blue Coloration In Cheese. 

Thia ia an evil to wliith the Dutch dairy industry ia particu- 
larly liable. Since it very oftcn makea ita appearance only after 
the rípeniug atage is over — that is to say, at a time when the 
article has already passed into tbe hands of the ealeaman—it is the 
cause not oidy of monetary loss to the cheese-naker, but also of 
uawelcome complainta on the part of the purchaser. The pheno- 
menon manifeste itself in varíoits forms. Either the wbole bulk 
of the cheese is of a bluish cast, oř exhibits blue patches iuter- 
nally, oř, finally, ia interaperaed witli blue apots {Dutch, "atipjea") 
fi-om I to 2 ra.m. (jj to ^\ inch.) in diameter, the íatter form 
(blue grain : Dutch, " blauwstippigkeit") being the most common, 

The causes of blue cheese are twofold ; one of them being 
chemical, and dne to iron aulphide, as was demonatrated by 
M. SoHMOKGKB (I.) and Th. Klabverwbipbn (I.), Normál cheese 
contains but a verj small quanlity of iron ; Cheddar, for instance, 
having a.009 per cent. ; Gonda, o.oii per cont, and so on. If, 
however, a larger quanďty of iron obtaina admittance to the milk 
or freshly preeipitated curd, it wiil then gradually, during the 
rípening procese, enter into combination with the sídphuretted 
hydrogen separated from the albumin by bacteríal actíon, and 
will form iroQ aulphide, which, aa ia well known, exliibits a blue 
shade when in a diiute condition, When the iron haa been 
admitted in the soluble form, then cheeses coloured a fairly uni- 
form blue or bluish ahade throughout will result. If, on the 
other hand, the metal be present in coaraer particles, e.g. in the 
form of nist. then a patchy-blue or blue-grained cheese will be 
obtained. This expkine the more frequent occurrence of the 
phenomenon since the introduction of tbe centrifuga! machine 
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into the ddry industry, the numerous rivets of the iron cylinder 
of this machine being, as demonstrated by Schmoeger, so many 
sources of contamination of the milk by nist. Careful tinning of 
the interior of the cylinder is therefore advisable, and shonld be 
leneved in good time. One observation made by Klarverweiden 
still remains to be mentioned, viz., that the frequency of the 
occurrence of blue cheeses in HoUand is coincident in point of 
time (August and September) with the highest percentages of 
the iron l^terium, Crenothrtx KiiJiniana, in natural waters. 

Blue cheese may, however, also result from the activity of 
micro-organisms. H. db Yribs (I.), in 1887, asserted that a micro- 
scopical examination showed that the blue dots in question ought 
to be considered as colonies of a blue pigment bacterium ; but he 
made no attempt to prepare cultures thereof. The subject of his 
investigations was Edam cheese, a kind very frequently affected 
by blue grain. Bbterinck (X.) identifíed, as the cause of this 
disease, a físsion fungus which he named Bacilltuf cyaneo-ftiscus. 
However, before proceeding to the consideration of the properties 
and functions of this organism, we must devote a little attention 
to the microscopy of cheese. 

The structure of sound cheese, as exemplifíed by the appear- 
ance of thin sections immersed in water under the microscope, is 
made up of the following elements. The ground mass or matrix 
consists of amorphous casein enclosing small drops of fat and 
bubbles of gas, which are, however, for the most part, not spherical, 
but irregular in outline, owing to the pressure of the enveloping 
curd. Along with these two enclosures — readily detectable by 
their optical and micro-chemical behaviour — a closer examination 
wiil reveal crystalline spheroids of a substance allied to or iden- 
tical with tyrosine ; also yeast cells, and, finally, a large number of 
bacteria. The crystalline spheroids are oval or kidney-shaped, and 
about as large as big yeast cells (some 10 fi long by 8 fi broad), 
Each of these crystalline aggregations exhibits (like starch granules) 
a centrál nuclear spot, around which the crystal needles are arranged 
radially, and constitute in their totality a crystalline spheroid. A 
thin section cut from a blue patch or speck of a blue cheese reveals, 
in addition to tliese normál constituents, sundry granules of colour- 
ing matter, mostly bluish-black, but frequently brownish in colour, 
and forming the actual pigmentary substance. The crystalline 
spheroids are also highly coloured. Bacteria will be found more 
plentifully assembled in the centre of the blue patch or dot than 
in any other position. The (usually globular) colour granules, the 
diameter of which varies from i to 5 /x, are an excretory product 
of the Bacillvs cijaneo-ftiscus, which can be isolated from the blue 
patches. 

The dimensions of this motile microbe vary according to the 
conditions of nutrition. On nutrient gelatin the cells grow to a 
length of 1.0-1.5 f* ^y O- 2-0.3 f* ^^ breadth ; whereas in a sólu- 
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tion of 0.5 per cent of peptone in ditch-water they oniy develop 
to 0.3-0.6 fi by o. 15 /A. If we íollow up the alterations gradually 
occurring in a culture of this fission fungus in the latter medium 
at lo"" C, we find that after íour oř fíve days the liquid, which 
has hitherto been pale yellow, assumes a more and moie decided 
greenish cast. A sample taken from the bacterial skin covering 
the surface discloses two constituents : a number of colourless 
rods connected to form bands, and, secondly, lying between them, 
the blue pigment granules, almost globular in form and 1.5-3 -5 fi 
in diameter. The colour of the liquid then successively changes 
by degrees (beginning at the surface) into brownish-grey, brown- 
black, and fínaily into persistent yellow, the conversion being 
effected by the oxidising influence of the air, which slowly decom- 
poses the blue colouring matter and forms brown intermediate 
products, all íinally oxidised to a colourless compound. The 
micro-chemical analysis of these pigment granules shows them to 
consist of a framework of albuminous matter on which the pig- 
ment crystals rest, but the constitution of the colouring matter 
itself has not been established, although Beyerinck, on experí- 
mental grounds, considers it to be allied to indigo. It resists 
the reducing action of the bacteria in cheese, especially those 
productive of lactic aciil. 

Bacillus cyaneO'/u8cu8 is very susceptible both to desiccation 
—on which account it is not found in atmospheric dust — and 
high temperatures, as also to acids. This explains why the 
microbe cannot be cultivated from the blue granules in old rípe 
cheese, since it is no longer alive therein, but has succumbed 
under the influence of the lactic acid (of which £dam cheese, 
for example, contains between 1.3 and 1.8 per cent.) produced 
from lactose by the other bacteria in the cheese during the ripen* 
ing process. Considered from this standpoint, the good result 
obtained by so-called ropy whey (a culture of long thread and 
lactic acid bacteria, more particularly described in Chapter xxix.) 
as a preventivě of blue grain becomes obvious. Since, as already 
stated, oxidising agents destroy the colour, it has been proposed 
by De Vries to decolorise blue cheese by exposing it for some 
time to the action of oxygen in a closed vessel. 

This BaciUvs ajaneo-fuscua (not infrequently met with in 
natural waters and soils) is the sole species that as yet has been 
positively identified as capable of producing blue grain in cheese. 
It is uncertain whether this faculty is also inherent in other 
organisms, though Hollman, who, in his Handbook voor den 
Kaasmaker (" Clieesemakeťs Handbook"), deals thoroughly with 
this disease, ascribes the responsi bil i ty for its appearance to 
Bacillus cyanogentcSf — an assumption which, however, according 
to the inoculation experiments conducted in this connection by 
Adametz and Beyerinck, is untenable. 

For the saké of completeness, it should be recorded that, 
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accotding to Beyerinck'8 report, Bacillus cijaneo-fusciis has been 
found to make itself unploasantly apparent in a glue factorj by 
giving rise to black glue, which, by reason not only of its un- 
desirable colour (due to the pigment developed by the microbe), 
but also of its diminished setting power, was thus seriously 
depreciated in value and inerchantable quaiity. The source of 
infection was discovered in a dirty pipe previously ušed for the 
conveyance of ditch water, and afterwards for delivering the 
finished glue into the setting pans. When this pipe was cleansed 
the evil disappcared entirely. 

§ 96.— The Fermentation of Indigo. 

As is well known, the indigo so highly prized for dyeing, and 
constituting such an important article of the worlďs commerce, is 
obtained f rom certain species of the Leguminous genus Indigofera, 
The province of Bengál alone produces from Indigo/ei*a tincioria 
over twelve millions of pounds of indigo per annum, the value 
being about ;^2, 000,000 sterling. Some fíve hundred thousand 
workers make a livelihood in that province by the cultivation and 
treatment of this plant. The colouring matter does not exist 
ready formed in the plant, but is developed therefrom by the 
fermentation of a glucoside constituent known as indican. The 
plants are cut down shortly before flowering-time, and are left 
immersed in a five- to eight-fold quantity of water, to undergo a 
continuous fermentation for eight to íifteen hours at an atmos- 
pheric temperature of 25''-35*' C, the liquid gradually becoming 
yellow in colour, with an alkaline reaction, and throwing up a 
blue-violet scum. The most important of the fractional processes 
constituting this fermentation is the splitting up of the indican 
into sugar (indiglucin) and indigo white, Avhich remains in solu- 
tion in the alkaline liquor. The liquor is then drawn off into 
another vessel and beaten with rods, whereby numerous and fresh 
points of attack are presented to the air and the indigo white 
(CjgHijNgOg) is oxidised by the atmospheric oxygen into indigo 
blne or incUgotin (C1QHJQN2O2), which is precipitated as an in- 
soluble body and deposited at the bottom of the vessel. The 
sediment is then boiled in a pan, strained through cloths, dried, 
and brought into commerce in the form of irregular fragments, 
cubes, balls, &c. 

Several noteworthy observations on the organisms taking part 
in this fermentation háve been recorded by Alvarez (L). The 
fermentation may be performed on a small scale by comminuting 
fresh leaves of the indigo plant and leaving them to stand in 
water, whereupon fermentation, attended with evolution of heat, 
will ensue in twelve to twenty-four hours, the surface of the liquid 
becoming covered with a thin blue skin, which, when broken, 
Bubfiides to the bottom and is succeeded by a new one. Micro- 
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scopical examination shows that this skin, consists. of bactería 
Burrounded by -fino blne acicular crystals. A sterilised extract of 
the leaves, when inoculated with a little of thÍ8 skin, exhibiU 
normál indigo fermentation, whereas without inoculation it 
remains imaltered even when air is freely admitted. Indigo 
fermentation is therefore due to the activity of a iission fungns, 
the BacilluB indigogeiius, which is associated in the said skin with 
other species of bactería that need not be taken into account here. 
This bacillus is of variable dímensions, but generally 3 fi long and 
1.5 fi broad, and is always surrounded by a gelatinous envelope. 
Its microscopic appearance is alniost the samé as that of Fríed- 
lándeťs pneuraonia microbe (see Fig. 7), and being motile, it is 
thereby able to collect at the surface of the liquid, where the 
desired supply of oxygen is found. It also produces a disengage- 
ment of gas, to which the formation of a froth or head on the 
liquid is attributable. When introduced into the blood of the 
guinea-pig, Bacillus indigogenus proved pathogenic, and therefore 
belongs to the group of organisms endowed with both zymogenic 
and pathogenic properties. A second observation made by 
Alvarez is also worthy of notc, viz., that the microbe. of pneumonia 
can set up indigo fermentation, whereas on the other hand many 
other pathogenic bactería proved incapable of so doing. 

Appareutly unacquainted with these results obtained by Alvarez, 
C. J. VAN LooKEREN (I. and II.) expressed the bpinion that the 
decomposition of indican is not produced by micro-organisms, but 
by an enzyme preseut in the living protoplasm of the leaf-cells. 
The reasons whereon this hypothesis is based do not, however, 
carry conviction, since attempts made to isolate the alleged enzyme 
proved unsuccessful. Apart from this, however, the treatise can 
be read, not without profit, and it also affords several welcome 
supplementary additions to the bibliographical references collected 
by G. v. Georoiewicz (L) in his monograph on indigo. 

Alvarez's researches ought to be regarded as a thankworthy 
preliminary work incentive to further study of the subject, but 
they do not aťford a closer insight into the progression of the 
fermentation process in question. It is in this čase not merely a 
matter of determining the nature of the ferment or ferments, but 
rather of the solution of a whole group of problems of both scientifíc 
interest and technical importance. Commercial indigo, as is well 
known, contains, in addition to indigotin, a number of other 
organic constituents, such, for instance, as the indigo red or 
indimbin, isomeric with the blue and soluble in alcohol ; also 
indigo brown, obtained by treating the indigo with alkalies ; and 
finally, indigo glaten, soluble in dilute acids. The proportion of 
these subsidiary constituents infiuencing the shade of the colour is 
▼ariable in diiferent samples of indigo. An investigation of the 

ditions affecting their production is a necessary preliminary to 
itablishment of the most suitable method of fermentation, 
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eapable of yielding, on the one band, the maximum quantity of 
indigo (in Lookeren'8 expériments 0.2 per cent. of the weight of 
the plant), and on the other, producing at will any desired variety 
of the pigment A very promisiug iield of profítable enterprise 
is thereby opened up to mycologists residing in the districts where 
the indigo plant is cultivated. Moreover, it is incumbent on 
fermentation physiologists in the centres of consumptíon to study 
the fermentation of the indigo dyeiug-baths — the woad-vat, the 
80-called potash bath, and, tinally, the urine bath — the preparation 
and employment of which are carried on according to old-fashioned 
rules and without any knowledge of the internal reactions occurring 
therein. One thing is certain : tliese reductions are not purely 
chemical operations, but are true fermentations, as abeady em- 
phasised by A. Fitz (IV.) in 1878. Frequently they proceed in 
an undesired direction ; two such maladies of the indigo bath 
being : destruction of the colour, and blackening. However, as 
regards these, mycological investigations are still lacking. 

§ 97.— Varieties of BaciUus Pyocyaneus. 

The uumber of bacterial species eapable of producing blue 
colouríng matters is by no means exhausted by those mentioned 
in the three preceding paragraphs. A fourth, which has been 
repeatedly referred to in earlier chapters, is the Bacillus pt/ocyaneus, 
described by C. Gessard (IL). This organism, conveyed in atmos- 
pheric dust, comes in contact with the pus exuded from wounds, 
and developing therein, produces, as its name implies, a coloration 
ranging from blue to verdigris green. This microbe, which really 
belongs to pathological and not to technical mycology, is very 
mutable, — a property which must also be briefly dealt with bere. 
In addition to the blue pigment designated pyocyanine — which 
may be separated from the cultures by shaking them up with 
chloroform, and which was first prepared in the pure crystalline 
statě by Fordos (I.) — the parasite in question, when cultivated in 
bouillon, produces a green fluorescent colouring matter. By skil- 
fully modifying the conditions of nutrition Gessard (III. and IV.) 
obtained three varieties, morphologically indistinguishable, one of 
them producing only pyocyanine, the other only the fluorescent 
pigment, and the third uo colouring matter at all. Whilst these 
three varieties can be re-transformed into the typical species, such 
change cannot be effected with a fourth variety, cultivated by Ch arrin 
andPHiSALix (I.), which had permanently lostitschromogenic faculty. 
Unaware of this variability, P. Ernst (III.) proposed to distinguish 
between two species — BaciUus pyocyaneus a and fS, a course which 
Gessard considers iucorrect. In contradiction to the results ob- 
tained by the latter worker, and confirmed by Hans Buchner and 
BoHRER (I.), K. Thumu (I.) asserted that B, pyocyaneus produces 
only a single pigment, the blue. Undoubtedly this investigator. 
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08 a result of the systém of cultivation pref erred by him, unwittingly 
deprived the bacillus of its property of elaboratiag the green fiuor- 
escent colouring matter. 

Duríng the past two decades there has been isolated from 
water, air, aiid soil a number of blue-producing species of Schizo- 
mycetes, which, however, are of no speciál importance, and can 
therefore merely be mentioned bere, though fuUy described in 
Eisenberg^s work. They are : Bacillus janthinua^ obtaiued by Zopf 
from the river Panke, Berlin; Bacillus herolinerms indicus^ by 
H. Claessbn (I.) from the Spree ; Bacillus lividus, by Plagge from 
Berlin town-water ; Bacillus cosi-uleus, by Allen J. Smith (I.) from 
the water of the Schuylkill river. It is probable that these species 
are chromoparous, as was established with certainty in the čase of 
a físsion fungus obtained by Voges from natural water in Holstein 
(and also named Bacillus conruleus), which excretes the blue colour- 
ing matter into the surrounding medium, where it collects into 
small granules. 

At the present time a fairly large number of species producing 
violet pigments are known ; they are found in the samé places as 
the above-named, and are equally of little practical importance. A 
few may be cited as examples, tlie oldest species known beinj? the 
Bacteridium vlolaceuniy observed by Schroeter, and named Micro- 
coccus violaceus by Cohn. This organism develops on solid media 
(gelatin, potatoes, &c.) to solid-growing violet-blue coloniea. In 
contrast to this is Bacillus violaceus, which liqueíies gelatin and 
produces a deep violet colour. Bacillus inejnhranacetLs amethystinus 
was discovered by Jolles in Spalato well- water, and produces a dark 
violet pigment exhibiting a metallic lustre. 

§ 98.— Green Bacteria 

were observed by Schroeter, and Cohn (I.) named one such 
species (producing a sap-green colour) Micrococcus chlorinus. Van 
TiEQHEM (III.) introduced into the literatuře of the subject two 
new green non-motile species under the names of Bacterium viride 
and Bacillus vireiis. The Bacterium clUoHuum, discovered by 
Engelmann (VII.), is more highly interesting. It is endowed with 
powers of locomotion, and when present in microscopic prepara- 
tions where there is a lack of oxygen it stři ves to reach such spots 
as are illuminated by white, yellow, or retl light The three last- 
named species are not chromoparous, but chromophorous bacteria. 
W. Symmers (I.) described a Bacillus viridans. Reference may 
be made in this pláce to a treatiso on the green bacteria by 
P. A. Dangeahd (I.). 

Ghreen, fluorescent transformation products are excreted by 
very many species of bacteria, a number of which are described in 
Eisenbergps work. At present mention of three will suffice, viz., 
the gelatin-liquefying Bacillus fluorescens Hque/aciens, and the 
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Bcícillus fluorescens nnn-liquefaciens which grows on the samé 
medium into solid colonies. Both organisms occur in natural 
waters. The author in 1891 discovered a físsion fungus of very 
írequent occurrence in Munich butter, and named it Bacillus 
hutyri fliioresceiis, 

C. Gessard (V.) recorded a beautiful observation in connection 
with the formation of fluorescent pigment by Bacillus pyocyanetu, 
This substance is — in the čase of nutrient solutions prepared arti- 
fícially from minerál salts — produced only when phosphates are 
present in quantity equivalent to at least 0.25 grm. of potassium 
phosphate per litre. When this supply is reduced, the organism 
develops, but produces no fluorescence. This behaviour is also 
exhibited by other fluorescent bacteria, so that these can therefore 
be regarded as very delicate tests for potassium phosphate. 

K. Thumm (I.) comparatively examined a number of bacterial 
species yielding fluorescent cultures, viz., Bacillus Jluorescens tenuts, 
B, JI. putiduSf B, fl, alhus, B, ei-ythrosporus, B. viridanSj B, pyo- 
cyaneus, Bacterium si/ncyaneum (Bacilhis syncyaneus). These 
species produce, in alkaline gelatin, a fluorescence initially sky- 
blue, but afterwards moss-green, caused by an excreted yellow 
pigment, which is formed only when the medium contains mag- 
nesium sulphate and potassium phosphate. 

The green coloration of cheese is, as first determined by Carlo 
Besana (L), due to the presence of copper, this evil being especi- 
ally manifested by Lodisan cheese, the Parmesan cheese produced 
in Lombardy — formarjgio di grana lonibardo, The initially yellow 
cut surface of this cheese becomes green by exposure to the air. 
For the successful preparation of this cheese a certain fairly high 
degree of acidity in the milk — equal, according to J. RavI (I.), to 
0.22 per cent. of lactic acid — is essential, and therefore it is the 
custom in Lombardy to leave the milk to acidify in untinned 
copper vessels, whereby it takés up a considerable quantity of 
copper. In fact, the progress of the souring is determined by the 
gradual disappearance of the metallic lustre from the previously 
polished surface of the vessels. G. Mariáni (I.), who examined 
twenty-five samples of these cheeses for their content of copper, 
found the minimum to be 54 m.grms. of Cu per kilogrm. of cheese, 
and the maximum 215 m.grms., the average per kilo. of Lodisan 
cheese being loo-i 10 m.grms. of copper. That this metal alone is 
actually responsible for the green coloration of cheese is evidenced 
not only by comparative laboratory experiments with tinned and 
untinned milk vessels, but also by the fact that the Parmesan 
cheeses made south of the river Po (especially in Reggio), and 
brought to Parma for sále, undergo no alteration in their yellow 
colour when cut. In that region, however, the milk is left to 
acidify in wooden tubs. 
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CHAPTER XV. 

PHOTOGENIC BACTERIA. 

g 99.— The Genus Photobacterium. 

The fíret occaaion of witaeBsiug the plieiionienon knonn aa marine 
phosphoreacenee will nevěr be íorgotten by the beliolder. The 
boat cleaving the gteaming wavea inacribes ita track in glittering 
linea, and every movsinent of the water cauaes pronounced phos- 
phoreacenee. A raio of s|)arkhng drops of light tricklea from tha 
poised oar, each appareiitly hecoming the centre of fresii evolutiona 
of lijjht This phenomeiKm, the aiglit of which ia calculated to 
capltvate the senses of the coaat-dweller, and lead him to forget 
all ttouhle for a time, has a couuterpurt which filled the inind of 
earlier races of mankind with terror and leiit great support to 
credulity, viz., the phoaphoreacence of mest, fimgi, and decaying 
wood in foreata. It ia only in our owu day that an iuaight into 
the caUBB of thú tvondor haa been guined, the luicroacope, in this 
čase aÍ30, being iho inatrament iised to open the dooř to knovrledge. 
To devote a few words to thia phenomenou wouid he in any event 
juatifiahle, on account of ite generál scientific intereat ; oud more- 
over, the raatter caiiiiot be avoided in tlie present vrork, since 
Bome of the fncts established in thia conuection also deaerve a brief 
considerution, both from a cheniical and a technicol etandpoint. 

The lirst attempt made to inveatigalo tliis long-known pheno- 
menon in a scientific manner waa thiit of G. Fadhizio (I.) in 1592. 
The treatisea subsequently puhliahed thereon (up to 1887) are to 
ba found includeď tu a liiatorical and critieal review of the siibject 
written by F. Lunwio (I.). This has been auppleniented (up to 
1891) hy a work isaued by O. Katz (I.) whieh may be referred to 
in this pláce. 

Vťe are indebted to Pfliiger for the first niicroacopical examina- 
tion of this phenomenon. He examined, iu 1875, tlie white 
mucus covering the aurface of Ssh exhibitíng a silvery phoaphor- 
eacence, nud found it composed of globulea, frequently united to 
form chains. When theae forma were mixed with wnter and the 
misturo pasaed through a doubled Inyer of denae filter-paper, the 
latter hecame phosphorescent, whilat the filtráte ceased to exhibit 
this property, thua proving the phoaphoresceuce to be due to the 
minuté organisms themselves. These, which were recognieed aa 
bacteria, were in 1878 named Microroeeus jthoaphoretw by Cobn. 
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Whereas Pfliigeťs studies were concemed with the carcases of 
phosphorescent salt-water físh, the fírst microscopical examination 
of the phosphorescent flesh of cattle slaughtered for food was 
made by Nuesch, who also found a físsion fiingns, which he named 
Bacterium lucensy to be the cause. Ludwig, in 1882, showed that 
a transfereuce of the mucus of phosphorescent sea-físh on to sound 
animal flesh rendered the latter phosphorescent in tum. Unaware 
at the time that the organism had already received two names^ he 
bestowed on it the title of Micrococeua PflilgerL This was the 
iirst phosphorescent bacteria obtained (in 1885) as an undoubtedly 
pure cnlture. Three years later B. Fischbr (IL) proved the 
existence of other species, three of which he himself described, 
one of them (from the West Indián seas) being named Bacillus 
phosphorescensy and the other two (found on German shores) he 
called respectively Bacterium pliosphorescena and "native pho8> 
phorescent bacillus." 

In 1890 Betbrinck (XL) proposed the generic name of Photth 
bacterium for the entire group of phosphorescent bacteria, and 
more dosely investigated the six undermentioned species : — 

1. Photobacterium Pfliigeri. 

2. Ph. phosphoreacens, 

3. Ph, balticum = Fischeťs " native phosphorescent bacillus." 

4. Ph. FÍ8cheri=sBact, phosphoreacens^ F. 

5. Ph. indicum = Bacillus phosphorescenSj F. 

6. Ph. luminosum. 

With these six (motile) species Katz in his above-mentioned 
treatise associated a second hsďf-dozen species collected on the coast 
of Australia, and Eijkmann (I.) added a thirteenth (Photobacterium 
javanense), repeatedly found by him on phosphorescent sea-físh in 
the market at Batavia. 

§ 100.— The Food Requirements of Phosphoreseent 

Bacteria 

formed the subject of comprehensive investigations by Beyerinck, 
a fow of whose multifarious results obtained therefrom may be 
given here. 

A remarkable difference exists between the fírst four and the 
last two of the six species named in the foregoing list. The 
former require at least two organic nutrient materials, the one 
(supplying nitrogen) being a substance resembling peptone, and 
the second a compound supplying the carbon : peptones alone, or 
amides and the like, by themselves producing neither growth nor 
phosphorescence. Ph. indicum and Ph. luminosum behave differ- 
ently, peptone (or any other albuminoid substance) being of itself 
suífícient as an organic food-stuff therefor. 

A slight addition of sugar to the medium increases t^ 
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lumino8Íty, but a higher p«rG«ntage arrests both growth and phoA- 
phorMcenoei a oircumstance due not to anj injuriouB effeot of the 
oarbohydrata itaelí, but to the acids produced therefrom by the 
Tital activity of tbe organism, the luminous bactería thríving solaly 
on neutral or faintlj alkaline media. Concerning the extent oí 
the iujuríout oontent of Bugar, and also the varying influenc« 
•xerted by the different Baccharides, Beyerínck arrived at not«- 
worthy conolusioni in respect of his six species. Thus, for example^ 
xnaltOM is taken up by Ph, phoephoreěcens^ but is discarded by 
Ph, J^tigeri ; Ph, Fuiheri is very susceptible to cane-angar, a 
cpntent of 0.5 per cent. sufficing to retard growth and suppreas 
phosphorescenoe, whereas, on the other hand, Ph, halticum will 
stand 5.0 per cent without injury. A similar relation in respect 
of glncose obtains between Ph. luminosum and Ph. indicum^ tha 
luminosity of the former ceasing when the medium contains i per 
cent. of this sugar, whilst the latter produces light even in presenca 
of 4 per cent. 

The six species of photobacteria examined by Beyerínck are 
halophil, ť.e. absolutely require sodiuni chloríde, of which the 
medium must coutain at least 3.5 per cent. Consequently it 
follows that none of these species is able to thrive on the ílesh of 
land animals slaughtered for human food. The luminosity appear- 
ing on this latter substance is caused by other species, among them 
being the above-named Micrococcua PJliujeri discovered by Ludwig. 
The presence of" oxygen is essential to the production of phos- 
phorescence, but is not requisite for mere growth. For preparing 
pure cultures a nutrient gelatin made from íish bouillon is om- 
ployed) and, for cultivation on a large scale, boiled salt-water físh 
forms an advantageous medium. 

§ 101.— The Luminous Bactería as Tests for Enzymes. 

The different behaviour of Ph. phosphorescens and Ph. Pflúgeri 
towards maltose can be utilised when it is desired to ascertain 
wheth^r this sugar is produced in any diastatic i)rocess. For this 
purpose plate cultures of the two organisms are preparcd, a mixture 
of sea-waler with 8 per cent. of gelatin, i per cent. of peptone, and 
\ per cent. of boiled potato-starch being ušed. On these cultures 
are placed small drops of a solution of the substance whose 
•accharifying properties are to be tested. Tlien, if this elaborates 
glucose or levulose from the starch, the (thickly sown) plates will 
shortly become luminous at the points affected, whereas if maltose 
alone is formed, the culture oř Ph. Pflu(jeri will remain dark. In 
point of delicacy this reaction has but one compeer, viz., the 
Bunsen fláme reaction, whilst in rt-spect of the duration of the 
phenomenon it is unequalled. The method may also be ušed with 
advantage in the solution of the question whether any given 
micTobe haa the power of elaborating an enzyme, and if so, of 
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what nature. Thus, for instance, ií Scuxharomyem Kefyr^ a highar 
íungus occurring in Kephir granules, is to be teated on this point, 
a plate culture thickly lown with Ph, phogpJioreseena is preparad 
in a medium composed of sea-water, gelatin, and peptone. On 
aeveral of these non-luminous plates are laid a couple of drops of 
an aqueous solution of lactose, on others cane-sugar, and on a third 
series raffinose, none of wbich sugars are taken up by the photo- 
bacterium, and conseqnently the plates remain dark. The drops 
are quickly absorbed by the gelatin and form patches named by 
Beyerinok diffasion-fl^ds, in the vicinity of which inoculating 
streaks of Saccharomyces Kefyr are then drawn, and, on developing, 
fínally enter the fíeld of diffusion. Af ter a short time the colonies 
of Ph, phosphorescem gradually begin to become luminous at the 
pointa where the diffusion-fíelds are in contact with the Sacckaro- 
mycetea cultures, this luminosity occurring in all three series, 
and thus proving that Saccharomyces Kefyr produces an enzyme 
(known as lactase) which penetrates into the diffusion-fíelds of 
the lactose, saccharose, and raffinose, and inverts these di- and 
tri-saecharides to assimilable hexoses, which then cause the photo- 
bacterium to become luminous. 

§ 102.— The Phosphorescents. 

The question whether the light proceeds from within the 
organisms, or whether they are in themselves dark, but excrete 
luminous metabolic products into the surrounding medium, has 
been much disputed. The latter opinion was upheld, notably by 
Br. Radziscewski (I.), according to whose exhaustive researches 
the aldehydes and aldehyde -ammonia deri váti ves are, in generál, 
^ndowed with the faculty of becoming luminous in alkaline solu- 
tion, and are thereby gradually oxidised by atmospheric oxygen. 
The quantities coming into play per unit of time are comparatively 
-small ; a solution of 1.8 grms. of lophin in 25 c.c. of caustic potash 
remaiuing luminous for over three weeks. If, then, the fact be 
remembered that the photobacteria are luminous only in alkaline 
nutrient media, and in presence of compounds which are partly 
already aldehydes (especially the sugars) and partly exhibit a 
similar constitution {e.g. glycerin and asparagin); and if it be also 
remembered that the luminosity only occurs in presence of oxygen, 
and that in the cultures acids, ť.e. oxidation products, are formed 
from the said luminous materials, then it will be readily imderstood 
why Radziscewski sought the source of this beautiful phenomenon, 
not in the bacterial cell, but in aldehydic metabolic products, 
phoBphorescents, which are oxidised, with evolution of light, 
outside the organism. The samé opinion is held in the main by 
Quatrefages, Owsjannikow, Ludwig, and Dubois, the observer last 
mentioned designating the assumed phosphorescents Inciferin. 
The most important effect of the photobacteria, viz., marine phos- 
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phorescence, stande, however, ia tbe way of the generál applicaliility 
of this interpretation, tbe external conditioiis under wliich this 
phenomenoti is produced being still uiiknown. It íb coQBequently 
uncertaiii whetber the food-stutfs (aldehydes and amamnia basea) 
aeceaaaiy far the prodiiotioa of the phoaphoresceats aie at such 
timea exceptionally preeent in sutticient quantíty in the waves. 

Tha spectruni of the bluisb-green IÍKht emitted by Mň-rococcus 
Pfiiigeň is, accordiog ta Ludwig, a continuous one, and extenda 
from the líne h (green) into tlie violet. Equally contmuous and 
more extenaive — oucupying tbe entire breadth from D to Ci — are 
tbe spectra of two European species discovered by B. Fiacber, oud 
a luminous bacterium described by J. Fobstek (I.). Here the 
blue and violet raya predoniiiiate, and, consequently, theao organ- 
isms can be photf^aphed by their owu light, a result first success- 
íuUy attained by Forster in conjunction with Van Haren Noman. 
One year láteř B. Fischer also demonstrated that the ligbt from 
streak culturea of these microbes is stroDg enough to illuminate- 
and photogTapb otber adjacent objects, aucb, for example, bb a 
watcb. 

Marině phosphoreacence can be caused not only by pboto- 
bacteria, but also by a variety of low f orms of animal life. Whea 
these lattei come into play, then the illumination of tho water 
only beconiea well developed proviUed the lattet ia in motion and 
the necessary supply of oxygen is thereby copiously aupplied to 
the photogenic animals. If, on the otber band, photobacteria are 
in questioD, the entire surface of the nater glistens uniformly and 
continuously witb a aoft lustre. Ludwig was tbe first to success- 
fully produce marine phospboresccnce artiíicJaUy and on a small 
Bcale, and the experiment was then repeated on a larger scale by 
B. Fischer in tbe Berlín Aquarium. The demonstration well re- 
paya the slight trouble invoived. Culturea of photobacteria are- 
prepared on salt-water fiah, on which they grow and fonn a 
mucínous coatíng, which, on being atripped ofT in salt water and 
dispersed througb it, immediately produces marine phoaphorescence 
capable of prolonged duration. 

A beautiful observation made by A. Giard (I. and II,) must 
be recorded here, viz., bis cultivation — from the luminous Tali- 
Irus — of a bacterium which is botb patbogenic and luminous, in- 
habiting the abdomínal cavity of the aforesaid aquatic animal, 
fully permeatíng all its orgáne, and, finally, causíng its deatb. 
During the prevalence of this malady the víctim sbines with a 
green ligbt, visible nearly a dozen yards ofl", and peraisting for a 
few hours after the death of the animal. This fact, establiabed aa 
it has been by successful inoculation cxperiments, induces the 
Bupposition tbat the lumínosity of other small marine animals 
(infusoria, i)olyps, and medusíe) may also be due to photobacterial 
iufection. 



CHAPTER XVI. 

THERMOGENIC BACTERIA. 

§ 103.— Spontaneous Combustion. 

The statě of oiir knowledge on the thermic side of the procese 
of feriuentation does not extend beyond a few crude, isolated 
determinations, so that nearly everything in this department has 
still to be accomplished ; even the prim ary question — %yhether 
there exist fermentative organisms with purely exothermic and 
others with purely endothermic cell-activity — being as yet unsolved. 
One thing only has been established for certain, víz., that many 
microbes under certain conditions generate heat and give it off to 
the environment. Hence the chemical changes then occurring are 
exothermic processes. 

An example of this is afforded by the orgamsms effecting the 
60-called spontaneons heating of hay and cotton. For sundry 
researches hereon we are indebted to F. Cohn (VIIL), from which 
it appears that íission fungi, allied to the hay bacillus already 
several times referred to, are here concemed. That the heating 
is actually the result of microbial activity was proved by Haepke, 
who ascertained that sterilised cotton - waste, under otherwise 
identical conditions, only became heated when moistened with 
washing-water from fresh unsterilised waste. The heating only 
occurs in presence of oxygen, and comes to a standstill when this 
substance is lacking, the action being the result of brisk oxidising 
activity (respiration) on the part of the bacteria in question. The 
fluffy greasy waste materiál formed during the cleaning and spin- 
ning of raw cotton, consisting of cotton íibres, seed capsules, &c., 
spontaneously rises in temperature up to óy"* C, according to the 
observations of Haepke, and becomes gradually converted into 
a humous mass with evolution of the vapours of trimethylamine. 
This observer attributes the fermentation occurring in this čase to 
various species of micrococcus. 

The heating of vegetable matter to high temperatures should 

not) however, always be ascríbed to the action of físsion fungi. 

For example, the temperature in badly managed heaps of germinat- 

ing (malting) barley may rise to 60** C. and over, the cause of 

whichy according to the researches of Cohn (IX. and X.), is a 

mould, viz., the Aspergillvs fumigatua nearly allied to the common 

mould fungus. That the diastase in the germinating barle,^ 

thereby greatly injured is certain. 
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In many instances the spontaneous heating of the aforeaai 
I vegetable matters may develop into spontaneous combnstio] 

whereby bams and spinning works háve often been set on íir< 
Nothing defínite ia known of the precise conditions concerned i 
thifl phenomenon. In the fírst pláce, a knowledge of the ignitúi 
temperature of the various subatances under consideration : 
necessary, and as this temperature is probably higher than tli 
maximum heat supportable by living organisms, the actual ignitio 
in such cases cannot be directly attributed to their vital activit] 
Hence, the probable explanation of spontaneous ignition is thi 
certain micro^rganisms, by their oxidising action, convert tli 
vegetable fibres into a humous, porous masa, which is then (lik 
finely divided iron, &c.) capable of occluding oxygen, wherel 
ignition is induced. More detailed resenrches into this phen< 
menon are still required. 

§ 104.— The Spontaneous Heating of Hops 

is well known to every brewer from wide personál experienci 

For a more intimate knowledge of the subject we are indebte 

to J. Bbhrens (I.), who has not only discovored a cause for ťt 

phenomenon, but has also traced a connection between the latU 

and the well-known presence of trimethylamine in hops, fin 

shown by Gribssmater (I.). Behrens found, in hops that ha 

become warm, a fission fungus, in a condítion of almost pui 

culture, which he named Badllvs lupuliperda^ and explained 1 

i be nearly allied to the Bacillua fiuoreacena putidus described h 

j Flúgge (L), The cells of this newly-discovered motile microl 

i are about o. 7 fi in breadth, and vary in length, according to ti 

conditions of cultivation, from 0.7 to 2.5 fi. It liquefies gelatii 
Peptone alone is insufficient for its support, a second substanc 
from which it can derivo carbon being required ; consequentl 
it belongs to the group of peptone-carbon bacteria established t 
Beyerinck. It thrives freely in hop extract and quickly rendei 
sugar-free media alkaline by excreting copious quantities of an 
monia bases, espccially trimethylamine. In presence of sugar tli 
reaction of the medium at fírst becomes acid, butyric acid bein 
formed, although in Behrens' experiments only to the extcnt < 
o. I per cent at most. This microbe, which gives rise to spoi 
taneous heating in hops, and causes them to givo oíf an odour ( 
trimethylamine, was found by Behrens in all the samples of ho{ 
examined by him. It appears to be chiefly domiciled in the so 
and passes thence to the hop cones, which, being fairly hygr 
scopic, attract moisture when bagged, and thus enable the bacilli 
to develop, the hops becoming "warm" and commencing to d 
compose, whereby they are reiíuced in vnlue. Timely preventio 
may be ensured by removing the bagging in which the hope a] 
packed, and thus admitting cool and dry air into the interior ( 
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tbo oontenU, in oonsequence of whioh the aotivity of th« miorob* 
ii lessened. Closer studies both on the ipontaneoua heating of 
hops, and espeoially into the transformation produeta of BaeUluš 
luptdiperda and their relation to the production of r«aoidity in 
hops, constitute a productive field for future researoh. 

The above remarks on the spontaneous heating of stoNd yege« 
table substancea may now be supplemented by a* few obsenrationa 
eoncerning 

§ 105.— The Fermentation of Tobacco, 

which cannot well be included in subsequent chapteri. The 
tobacco leaves, when gathered, are allowed to become somewhat 
withered, and are then arranged in moderate-sized heapa, where 
they undergo a so-called "sweating." The rise of temperature 
occurríng duríng this procese is, as determined by Miiller-ThurgaUi 
a oonsequence of the activity of the leaf-cells, which transpire their 
store of carbohydrates and convert their albuminoid matters into 
amides, the heat thcreby liberated eífecting the gradual drying of 
the leaves. The water vapour evolved condenses into the matting 
employed to cover the heaps, which are then said to '^sweaf The 
alteration of the nitrogenous bodies in the leaves can also be 
effected by " shed drying/' On this point more will be said in a 
later chapter dealing with Botrytiě cinerea in the second volume. 

As soon as the tobacco leaves háve fínished sweating and 
become *'shed ripe/' they are made to undergo fermentation, for 
which purpose they are tied in bundles and arranged in great 
heaps, containing as much as fífty tons of tobacco. Hereupon 
active decomposition quickly ensues and the temperature rises. 
Nesslbr (I.) found this to be as much as 54° C. even on the second 
day, but, as a rule, the heaps are not allowed to become warmer 
than 50*" C, further increase being prevented by tuming the heapi 
80 that the outer layers of tho fírst heap become the centrál por- 
tion of the new one. This fermentation is due to the action of 
bacteria, and was studied thoroughly by E. Suohsland (I. and II,), 
who, however, furnished but scanty reporte thereon. A patent 
was granted to him in connection with the use of pure cultures of 
bacteria for the purpose of favourably influencing the fermentation 
of tobacco. He prepared pure cultures of bacteria from fine West 
Indián tobacco and transferred them to inferior Gterman tobacco in 
course of fermentation. By this means the ilavour of the latter 
was 80 greatly improved that it was no longer recognisable as such 
even by connoisseurs and experienced smokers of nati ve tobacco. 

The chemical changes hereby produced háve been investigated 
by J, Brhrens (II.), according to whom the loes of matter amounts 
to 4 to 5 per cent, and consists principally of soluble carbohy- 
drates and fíxed organic acids, the former disappearing almost 
entirely. Carbonic acid is evolved as tha result of these changes, 
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while Fesca and Imai (I.) ascertaioed that nilrates are no longer 
preseut íd the fennented mass. The aniount ní iiicotine is alao re- 
duced, only 70 per cent of that originally preseiit l>eing afterwards 
found (in one experiment) by Behrens. 

The flora of the fermentíng tobaceo heap doea not consist Bolely 
of bacteria. For example, Joh. Bbrrehs (III.) fcequently met 
with the Aapertjillus funiigaliis already mentioned, and Dávolos 
and Behrens also very often detected Mantlia camUda, remarks 
on which wiil be given in a aubaequent chapter. 

A fe^ researches háve been inade into the fermeiitation of 
enuff, the raoat important being those carried oiit by Th, Schlíís- 
INO (I. and II.) relative to the chemical changes involved. With 
respect to the part played by niicro-OTganisnis he expressed himself 
as followa : — "The fermentation begina at the ordiiiary tempera- 
ture under the predominant influence of tnicto-organisms, bufc above 
a certain (still to be determined) limit, which Í8 over 40° C. and 
below 70° C, and ia probably abnut 50° C, the changea become 
puiely chemical reactions in whicli the living or),'aniam8 háve no 
longer any ahare." When giviiig utternnce to thie opinion Schliia- 
ÍDg was UDHcquainted with the newer resenrches in connection 
with the heat-loving organisma which tlirive at 70° C. It ia 
therefore deairable that his esperimenta ahould be rejieated &nd 
extended, with thia fact borue in mind, 

The tobaceo subjected to this fermentation ia usually moist- 
ened with a liquid containing sugar, syrup, honey, and the like, 
in addition to varioua aroniatica, and not infrequently alcoliol 
aa well. In many casea this "aauce" alao haa added to it wiiie 
yeaats, particularly for the grades known os St. Omer, St. Vincent, 
and Pária tobaccoa. These additiona (foiind by experieuce to ba 
jjartly eaaential and partly naeful) probably fnrniah the materiál 
for, on the one hand, a weak alcoholtc fermentation, and, on tlie 
other, for the formation of estera. More detailed knowledge ia, 
however, lacking with regard to thia primary fermentation, and to 
the aubaequent aiter-fermentation of the tobaceo, eithet packed 
tightly into caska oř rolled up in "pigtail" form and wrapped in 
linen cloths. The snnff jtelded by the latter method is finer than 
that obtained by the quicker cask-fermentation procesa. More 
definite researches on this subject are highly deaimble. 

§ 106.— The Preparation of Burnt Hay 

miiat also be briefly deacribed in this pláce. Tliere are two chief 
methoda, differing from one another, for the preactvation of gteen 
fodder, viz., either by acidifying it, allowlng it to femient, and so 
producing "sour" fodder or enailage — for which aee also Chapter 
sjtvi. ; or it is dried and then forma hay. The removal of the 
water, of which the planta now unUer consideration contain some 
85 per cent., can be efTected in two ilifferent waya, Either the 
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necessary heat is applied from outside, úe. they are exposed to the 
8un'8 rays, thus producing air-dried hay, or else the samo result is 
obtained by spontaneous heating, and therefore by the action of 
the thermogenic micro-organisms dweUing on the plants. Here 
again there are two possible methods of proceduře, by following 
one of which bnmt hay is obtained. On this subject we are in- 
debted to Bóhmer (I.) for a critical research. According to him, 
the mown grass is pÚed up into heaps about 10 to 13 feet high 
and 13 to 16 feet in diameter, the mass being trodden down as 
tightly as possible in order to prevent the admission of air — which 
niight favour the development of mould — into the interior. In 
these heaps spontaneous heating goes on and becomes apparent, 
often within twelve hours, but generally in twenty-four to thirty 
hours. The operation is watched, and as soon as the temperature 
inside the heap reaches 70'' C. — which is mostly the čase in forty- 
eight to sixty liours — the heaps are opened and the contents spread 
out thinly, a single turning beiňg then sufficient to complete the 
curing of the hay. By this fermentation, about which nothing 
defínite is known from the phyfeiological point of view, not only 
is the desired degree of dryness attained, but the hay also becomes 
friable and acquires an aromatic odour. 

As mentioned above, the heaps must be opened when the 
temperature has risen to 70* C, since, if this be neglected, the 
spontaneous heating will quickly become spontaneous ignition. 
If, as is possible, it is rainy when the hay is ready for spreading 
out, such preliminary labour is futile. To this circumstance is 
due the fact that burnt hay is seldom prepared, as also that, in 
districts where the weather is too imcertain to allow of ordinary 
haymaking being conveniently practised, another method of drying 
has been developed, in which the necessary heat is likewise gene- 
rated by a process of fermentation, from which a product known 
as "brown hay" is obtained. This will be dealt with in the 
Section on Lactic Fermentation. 



SBOTION V. 
THE HEAT-RE9I8TING BACTERIA. 

THEIB PLAOE IK KATURE AND THEIR IHPORTANCE IK THE 
řEHMENTATION AND FOOD-STUFF INDUSTRIES. 

CHAPTER Xni. 
BACILLUS aUBTILIB AND IT8 CONOENEBS. 

§ 107.— Roberts' Heat Hethod. 

Thb unfavourable conditíons to which the bacteria inhabiting 
the Boil are tlierein exposed result in the acoumulatioQ of such 
species as are capable of dereloping Teproductive formi andowod 
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with great vitality. Tliese are cairied from tbe surface soil on to 
plants, and in thia way hay becomes infested with the sporea of 
higbly resistant SehUomycetes, which can withstand the tempera- 
ture of boiling water for eeveral houra. Karly obseivers, beiog 
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unaeqaainted with this property, notioed with astonishment that 
a development of bactería occurred spontaneously in vegetable 
infusiona (especially infusions of hay) that had previously been 
ejcposed to boiling heat for an hour. Tha cella were almoat ex- 
duiively in tha form of ahort roda, and were named Vibrio subtilig 
by Ehrenberg and Badllun subtiliš by Cohn. To obtain them 
with certainty the following proceaa, known as the heat method, 
which was deviaed by Roberts (I.), ai)d already referred to in 
§ 53» is employed i^^-Dry hay ia chopped up fine, suflfused with 
a little water, and then left to atand four hours at about 36** C, 
the nsually somewhat aoid liquid being afterwards poured oíf 
{mthout ftltering), exactly neutralised, and diluted until it ahows 
a density of 1.004. This liquid ia then boiled gently for an hour 
over the sand-bath in a ílask plugged with cotton-wool. Since the 
number of heat-reaisting spores present on the hay ia frequently 
but small, sufficient hay and water are taken at the outaet to yield 
at leaat half a litre after an houťa boiling, which quantity will be 
Bure to contain some living genns. The ílask is removed from 
the sand-bathy left to cool down to the temperature of the hand, 
and then placed in the incubator, the temperature of which ia 
regulated to about 36° C. during the ensuing twenty-four honn. 
At the end of this time there will háve appeared on the surface of 
the infusion a thin skin which subsequently thickens and developa 
to a typical zooglcsa. A little of this, exnmined under the micro- 
seope, will present the appearance shown at G in Fig. 40, viz., a 
number of dosely adjacent rows of short rods. 

§ 108.— Morphology of Bacillus subtilis. 

That, by the aid of the Roberts method, pure cultures (in the 
present acceptance of the term) cannot bo obtained, need hardly 
be insisted upon, all that is produced being a cul ture of heat- 
resisting bactería ; hence the ** hay bacillus " prepared in this way 
by different observers will vary. Really pure cultures may, how- 
ever, be obtained therefrom by modem methods of pure cultivation. 
The organ ism examined and sty led Bacillua subtilis by Brefeld ia 
not identical with that of the samé name described by Prazmowski, 
though allied thereto, and indeed so dosely that the physiologically 
important phenomcna of spore-germination are alike in both kinds. 
This circumstance has already been fully noticed in § 58, and the 
reader is therefore referred thereto. A few supplemental mor- 
phological facts will now be added, the opportunity being also 
favourable for remarking that a reliable culture of B, subtilis can 
be prepared by mixing crushed malt and rye in a ílask with about 
four times their volume of water, inserting a plug of cotton-wool, 
boiling up the inixture, and then leaving it to stand at 35''-40** C. 
A thick, wrinkled skin will rapidly develop on the surface of the 
liquid, and the contents of the flask acquire a characterístic sickly- 
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flweet odour. At a soniewhat earlier etage, before the aurface is 
entirely covered with skin, the liquid (which on tliia account 
becomes turbid) awarms with numerous actively niotile roda. 
Formerly, iritli the defectiva instruments at commaiid, only a 
single cilium could be diacemed on each of the terminál polea (aee 
A, Fig. 40), blit aubseijuent researches eatablished the fact that 
Baeiilut mhtilia, like many other species, ia 
ríchiy endowed with cilía, as may be seen from 
Fig, 41, which Í8 reproduced from a photo- 
graph. The development of the niotile roda 
into the multicellnlar chaina conatituting the 
iikin must be regarded as a tranaition to the 
ijuiescent ataga, The íormation oí tliia wrinkled 
cover firat becomes noticeable when the nutnent 
medium is ia aii advanced atate of decomposi- 
" tion. In most of the cells compoaing the chain 

FM.4..-B«mu..i.biiii<. there will then be found a firm, brilliant endo- 
ťiii» itafniog. Bjjore (D, Fig. 40), producing an uncomraonly 

Maen.miwui^^^^ (j/ter ^^i^jfy^ ^^ reniarkable appearanco. The 
walls of the mother-cell swell iip, the chain is 
diasolved, and the endospores thereby liberated. Some facts in- 
dicative of their power to resiat adveree influences háve been given 
in a previoua section {§ 53), The apore membráně ia capable of 
swelling lip, so that when the sporea are placed in water, each of 
theiii soon apiiears to be surrounded by a duli halo— the swollen 
external layer of the membráně. 

§ 109.— Influence of the Mode of Nutritloti on the 
Form of Growth. 

Thia íactor was exhaustively described, for the bacilJus in 
question, by Hans Buchnbb (IV.). A few of the forma of growth 
observeil are ehown in Fig. 42. By employing a íaintly alkaline 
5 per cent. solution of meat extract, roda (as at ta) are obtained, 
0.5 /i brosd and 6-to fi long. If a neutral solution of 5 per cent 
of aiigar and o.i per cent. of meat extract be taken, then tlieforms 
shown in la appear, viz., short roda 0.8 /i broad and only 4-6 ji 
long. Finally, in an infusion prepared from hay in which woody 
stems predominate, the cella {3a) háve a length of 1 1 fi and a 
breadth of i.o n. Under ali the above conditiona reproduction 
goes on with vigour, the fission being very rapid. Tlie new parti- 
tion walla íormed during the operation are at Grst so thin und so 
faintly refractive as to escape the eye in the oase of unatained pre- 
parationa. If, however, a solution of iodine be added, then the 
apparently uaiform long cella are seen to be divided into short 
cella in the manner diagram matically aketcbed at h and c in the 
Fip. AI! theae shapea belong to the cycle of normál forma of 
growth, of atrong vitality, and cajiable of reproduction. When, 
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however, the composition of the nutrient solution is, from the 
fírst^ unfavourable {e,g. a solution of o. i per cent. of asparagin4or 
albumin, and 10 per cent of sugar), or becomes so subsequently 
in consequence of the excretion of injurious waste products on the 
part of the 

cells, then — ::cr-^ / 

there result 
involntion 
forma, that 
háve lost 
theirreproduc- 
tive faculty 
and must be 
regarded as 
diseased and 
moribund mo- 
difícations. A 
coupleof these 
are shown in 
Fig. 6. Simi- 
lar forms are 
also produced 
in nutrient 
media con- 
taining a 
larger percen- 
tage of acids 
thanusual,the 
hay bacillus 
being very 
susceptible to 
these reagents. 
The locomo- 
tive powers, 
as well as 
the form of 
the cells, are 
influenced by 
the method 

of nutrition. pj^ „B^cUluasubtiliaundervariouicondiUoMOfculUvaUon. For 
Thus, for ex- explanatlon see text. Magn. aboat 4000. (A/Ur H, Buchner.) 

ample, the 

cells grown in a i per cent. solution of asparagin at 25" C. are 

devoid of cilia. 

Bacillus subtilia liquefies nutrient gelatin. Streak cultures on 
agar-agar develop into a wrinkled wlute pellicle. This microbe 
must be classified among the extremely aerobic organisms, i.e. those 
essentially requiring the presence of oxygen for their development. 
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Care mast thereíore be taken that air has admittanoe to the culturas. 
In reference to this matter, a valuable observatioii vras made by 
liiBORius (L). If air be excluded, the reproduction of the cells 
ceases, but the formatioii of a peptonising enzyme is not interrupted 
80 long as the medium contains sugar. As already remarked, this 
microbe is extremely sensitive to acids, even the small quantity 
preseQt in normál beer-wort and beer — and which, expressed as 
lactic acid, amounts to only 0.09-0.12 per cent. in the former 
čase, and up to 0.2 per cent. in the latter — sufficing to suppress 
the development of the bacillus in question, so that the brewing 
industry is exposed to no danger from this quarter. 

The deoompositions eíTected by this microbe were fírst studied 
by G. Vandbvelde (L) in 1884, who was, however, iinable to 
make use of pure cultures. On the other hand, such cultures were 
ušed in the researches carried out by Adrian J. Brown (II.), in 
1895, which were specially directed to the decompositions sustained 
by the various sugars under the influence of this fission fungus. 
It oxidises dextrose to an (unspecifíed) acid, which is thereafter 
entirely consumed, and a levo-rotatory volatile dissociation product, 
of unknowii nature, but exerting an exceptionally hi^h reducing 
power on copper solutions (such as those prepared by Fehling and 
others). The decomposition of the total sugar supplied is effected 
completely when the acid, by repeated neutralisations, is kept 
down below 0.04 per cent. Saccharose undergoes a preliminary 
inversion and is then oxidised. 

§ 110.— The Potato Bacilll. 

Before the great tenacity of life possessed by many of the bacte- 
rial sporcs inhabiting the soil was recognised, it frequently liappened 
that potatoes, which had been presumably thoroughly sterilised, 
became (when employed for streak cultures), infested with a spon- 
taneously developed, wrinkled zocglcBa of rod-sliaped Schizomycetes, 
which, starting from the potato skin, rapidly extended over the cut 
surface. These species, observed by different workers, are, with 
reference to their habitat, named the ** potato bacillus." This is 
naturally a very comprehensive appellation, which has to be more 
narrowly deíined in each separate čase. These uninvited guests 
háve their orígin in the soil, siifíiciently large quantities of which 
remain in the depressions (known as **eyes") in the potato; and 
the germs adherent thereto will withstand any heating that is not 
pushed too far. Of the species belonging to this group a consider- 
able number is already known, and a few of them will be referred 
to later on, e,g, in the chapter treating of ** blown " cheesea A 
few others must, however, be briefly dealt with in this pláce, 
námely, the three species of most generál occurrence. These 
possess in comnion the property of growing on solid media, e,g. 
potato cuttings, to form a pellícle, the surface of which becomes 
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more and more wrínkled and convoluted, and recalls the apptamno* 
pfMenied by the mesentery. 

The most common oí all is the Bacilltu nieeerUerícus vulgatuši 
dÍBcovered by Flugge, a plump, actively motile rod, shown in Fig. 
43. The colonies on potatoes are dirty white, can be drawn out 
into threada, and develop equally well in the incubator and at 
loom temperature. This bacillus excretea aeveral encymea, oni 
being peptonising and producing liquefaction of the medium; 
another diaatatic, and a third reaembling 
rennet, whereby the casein of milk is at 
first precipitated, but is subsequeutly redis- (^|^y|^i(i\i^,.. ^ 




polved by the peptonising enzyme. It .-q,__™ 

forms endospores, the finál stage of germi- lli^^^ I 

nation of which is shown at b in Fig. 43. 

Bacillus meitentericus fuscus Mas first rw- 43.— ^tato baouiui. 
described by FlOggb (L). The cultureH «• ';^,l,^^'^;j^ ^;J^ 
on agar- agar and on potatoes are initially Juaí learins the rooM 
yeUow, but as their age increases deepen ^"(S^^ir^S^r^ 
proffressively into brown. It also produces (S'K'^ fr?m a photo tojr 
a peptonising enzyme, which Iiquefies 

nutrient gelatin. The production of spores is in this species lest 
copious than in the foregoing and following kinds. 

The vegetative cells of the Bacillus meserUericus iníber^ di»» 
covered by Globig (II.) are short rods, rather more slender in form 
than those of B. vu vulgaius, Like the other two species, the 
vegetative cells are motile and produce a peptonising enzyme. The 
colour of the streak cultures on potatoes is at first reddish-yellow, 
but subsequently becomes rose-red. The tenacity of life exhibited 
by the endos[>ore8 of this species was minutely examined by Globig. 
A I per cent. solution of subliuiate kills them after i^ hours' ex- 
posure ; but they resist the action of 5 per cent. carbolic acid for 
more than a fortnight. For their destruction by a current of steam 
at I co" C. an exposure of 5^ to 6 hours is necessary, and they will 
bear without iujury an immersion of three-quarters of an hour in 
high-pressure steam at io9"'-ii3'* C. On the other hand, they 
perish in twenty-five minutes in steam at ii3*-ii6** C, in ten 
minutes at 12 2°- 12 3" C, in two minutes at 127° C, and imme- 
<liately in steam at 130* C. 

The great difficulty of sterilising articles contaminated with 
traces of soil is due to the great powers of resistance possessed by 
the spores they contain of the species just described, as also of a 
large number of their congeners, which are the hardiest of all 
organisms. The preservation of numerous food-stuffs, milk in 
partie ular, is thereby rendered more expensi ve, as will be sufficiently 
demonstrated in the two next following chapters. At present, 
attention will be drawn to a phenomenon which could not well be 
referred to there, viz., a disease in bread (due to the potato bacilli), 
which becomes manifest by the crumb of the loaf gradually 
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changing into a sticky mass, capable of being drawn out into long 
threads, and having a repuúive sour-sweet smelL Emil Laurent 
(II.) was the fírst to examine this dísease dosely, and he attributed 
it to a físsion f ungu8, which presumably also plays a part in the 
normál fermentation of dough (dealt with in the second volume), 
and has therefore received the name of Bacillus paniflcaru, This 
is undoubtedly a species of the group of potato bacilli. A second 
čase of this disease was investigated by Kratsohmer and Nismi- 
Lowicz (I.) ^y ^he aid of the plate culture method, whereby B. m. 
vulgcUus was recognised as the exciting agent According to the 
researches of Aimó Girard, reported by Balland and Masson (L), 
the temperature prevailing in the interior of loaves of bread during 
the baking process ranges between loo" and 102* C. The duration 
of exposure to this temperature being insufficient to kill the spores 
of potato bacilli, those originally present in the flour will still be 
found alive in the fínished loaf. The sites occupied by these 
organisms, which germinate and reproduce immediately, will then 
become the headquarters of active masses of microbes, as already 
described. Batches of bread containing much bran are especially 
liable to this disease, since it is on this part of the grain, and not 
on the enclosed ílour, that the bacteria reside ; and, as a matter of 
fact, it is commissariat (military) bread and Graham bread that 
are most frequently afifected, as was pointed out both by Loeffler 
and Uffelmann (I.). The latter observer found the Bacillus 
mesentericus vtUgaiua to be associated in this disease with a second 
allied species, viz., the Bacillus liodermos^ discovered in cows' milk 
by LoBFPLBR (IIL), which owes its other name of "gum bacillus" 
to the thick gummy appearance of its zoogloea-like cultures on cut 
potatoes. That the bread disease in question does not make its 
appearance so frequently as might be expected from the (often very 
large) number of potato bacilli found in the ílour is due to the 
strongly acid reaction of the dough, which facilitates the extinction 
of the germs. 

§ 111.— Bacillus Fitzianus. 

If a cold-prepared infusion of hay be left to stand at room 
temperature, there quickly forms on the surface of the liquid a 
skin composed of various organisms, including the bacillus named 
above, the chemical activity of which was fírst examined by 
A. FiTZ (III.). If a little of this skin be transferred to a steriiised 
solution of 2 per cent. of meat extract and 5 per cent of 
glycerin that has received an addition of some 10 per cent. 
of calcium carbonate, then the said microbe develops and acts on 
the glycerin (CgHgOg) in such a manner that ethyl alcohol and 
volatile acids are the chief products formed. Fitz obtained, in 
two experiments, a yield of alcohol amounting to 25.7 and 25.8 
per cent respectively. The fermentation is very brisk, and attains 
its maximum within twenty-four hours. 



BACILLUS FITZIANUS. 



177 



At the time Fitz made his experíments, no method of prepar- 
ing pure cultures had as yet been devised. It is therefore of 
interest to record that his reports were tested by H. Buchnbr (VI.) 
by the aid of the dilution method. The results were confírmatory, 
not only of the fermentative activity, but also of the pleomorphism 
of this glycerin-ethyl bacteríum, which was later named by Zopf 
Bacillu8 Fitzianus. As shown in Fig. 44, this físsion fungus occurs 
both as cocci and as short and long rods, and is able to produce 
endospores. Though of no practical importance, it is mentioned here 
chiefly in oi'der to show that the production of ethyl alcohol during 
fermentation can 
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bo efifected, not 
only by the higher 
f ungi (yeast in par- 
ticular), but also 
by Sehizomyceies, 
This fact is over- 
looked by many 
chemists when 
they speak of 
" alcohoUc fer- 
mentation fungi," 
meaning thereby 
yeast alone. 

Allied to the 
last-named bacillus 
as regards fer- 
mentative activity 
is the Bacillus eth- 
aceticusy cultivated 
from sheep - dung 
by P. Frankland, 

J. Fox (L), and Fio. 44.-B.dllu. FltEUnn.. 

M ApnRKAnn ^T ^ <'^, ^ /* 9- c<x^ gradoallv changing into Bhort rode, then (e, é) 

This IS a motlle rod 400a il/Ur ti. Buchner.) 

about 0.8 - I. o ft 

broad and 1.5-5.1 /* long, which, however, seems to lack the 
faculty of producing spores. It ferments glycerin, mannite, and 
arabinose in such a manner that the chief products are, in addition 
to small quantities of formic acid and succinic acid, ethyl alcohol 
and acetic acid, the ratio f ound being, in the first instance 2. 1 1 : i ; 
in the čase of mannite, 1.63 : i ; and in the last, i : 1.96. In a 
subsequent communication Frankland and Frbw (I.) demonstrated 
that glyceric acid CHg.OH— CH.OH— COOH, is decomposed 
in the samé way, the molecular ratio of the ethyl alcohol to the 
acetic acid being about i to 4. 

Whereas the last-named bacillus leaves dulcite unattacked, this 
hexavalent isomer of mannite is fermented by Bctcillus ethaceto- 
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tuccinicut. This microbe was diacovete'! by P. Frankland and 
W. Frkw (II.) in a Bolutioa of ammoiiio-ferric citráte, which, 
OTigisallf intended for photographic parfwses, was found to bavě 
epontaneously fermented witli vigour. These observers give the 
following equation as a deduction from their experiments : — 

3C,HnO, = 4CsH,0 + aCHiOa + CH.O, + CíH/)* + 2CO, + i H, 

~ " " — ~ 'c Acetil aoctlnio Cirbon HTilni~ 

mDld. Mid, dloilde. (ML 
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Many other bacteria also produee ethyl alcoliol, but only one 
more wUl be noticed, and that a pathogenic organism, viz,, Fried- 
ltLnder's Bacillua pneumonia. Accordiug to the researchea of 
F. BiUEOER (I.), and of P. Feiakklasd, Stanlet, and Fbkw (I.), 
thie bacillus, wbeu grown in nutríent solutious contaíning sugar 
(saccharosc, glucoae, mannite), produces ethyl alcůbol and acetic 
acid, together with other fenuentation prodiicts in smaller amount. 
Theae four examplea may suffice to support the asscrtíon made 
above, that ethyl alcohol in producible by bacterial activity, No 
practicol application of thia ia made in the arts, the higher íungi 
known aa " yeasts " hcing excliisively ušed ; consequently this 
property of many Sehhomyceíe» will not be reíerred to again, We 
■will now supplemeot the account given of the hay- and potato- 
bacilli by a few remarks on the 
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§ 112.— Bacterial Content of the Soil. 

To determine this q ti an ti ta li vely the proceduře followed ia to 
finely divide a weiglied quantity of aoÍÍ in aterilised water and 
then prepare culturea from the waabings in the uaual manner. 
P. MiQusL (IV.), to whom we are indebted for the firat deteimina- 
tiona made in this conaection, hxed the unit of weight to be taken 
as one gram, and it ia to this unit that all the subjoJQed data 
refer. 

It would, from the firat, be eipected that layers of the samé 
soli at difTerent depths would exhibit di&erences, both quan ti táti voly 
and qualitatively, with regard to their bacterial inhafaitaota. The 
property of soila (especially claya) of combining with the fertilising 
materials supplied in manures, preventa these eubstances from 
peaetrating in any quantity to great depths, and from this circum- 
stance ulone one would exjiect the number of bacteria in the sub- 
aoil, at considerable depths below tbe surface, to be but emaU, 
The flltering action oí the nppet layers of the soi! also conducea 
to the samé end, these layers fixing not only the fertilising sub- 
stancea, but also (and that in a purely mechanical way) the bac- 
teria applied to the soil in manures. Thus it happens that subsoil 
water is perfectly free from, oř at leaat very poor in, bacleria ; 
a fact established by Pastkur and Jocbbbt (L), and of which 
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G. Fraenkel (III.) has gíven iustructive examples. (A remarkable 
exception to this rule was reported by S. Rohn and H. Wioh- 
MANN (I.)-) Finally, the iníluence of aeration should not be for- 
gotten. This, in the lower and comparatively undisturbed layers, 
is almost nil, and the qualitative nature of the inhabitants of the 
soil is greatly influenced by this factor, the upper layers being 
relatively the richest in aerobic bacteria. 

The greatest percentage of organisms should not be expected 
in the uppermost layer, since this is exposed to a too rapid altema- 
tion of excessive moisture and dryness, heat and cold, as well as 
to the anti-bacterial iníluence of the sun's rays. For these reasons 
the largest content of germs is always found at a depth of 10 to 
20 inches below the surface ; afact first shown by Robert Koch (I.). 
As the depth increases beyond this, the fínds become smaller and 
smaller, and approximate to 7iil at about 60 to 80 inches. 

It is manifest that the germ content of a soil is also dependent ' 
on the presence of nutrient substances, and that a soil rich in 
humus will be much more thickly infested than a poor sandy soil. 
Thus Beuher (I.) found in duně sand only some 1000 germs per 
gram, which is very few ; and an almost identical result was 
attained by A. Maggiora (I.) in the examination of a sample of 
sandy soil from a hill near Turin. On the other hand, he found 
in tilled agricultural soil some 11 millions of germs per gram, 
and in the samé weight of a sample of soil taken from a street in 
Turin no less than 78 millions of bacteria. 

That the degree to which a soil is warmed, as also its condition 
as regards moisture and meteorological factors, all influence its 
bacterial population needs no further argument It follows natu- 
rally that the percentage of germs is higher in summer than in 
winter, and that it falls in dry, but increases in wet weather. 

Any reader desirous of more dosely studying the bacterial 
content of the soil, especially from a hygienic point of view, will 
íind a good introduction thereto in Fodoťs work. Hygieně des 
Bodens (Hygieně of the Soil), forming the 4th part of the useful 
Handbueh der Hygieně issued by Weyl (Jena, 1894 et seq,). 

In addition to bacteria, the soil harbours a large number of 
higher fungi, comprising not only numerous innocuous mould 
fungi, but also the spores of phytopathogenic Eumycetes. These 
are of no immediate importance to agricultural chemistry, and 
therefore do not need any further consideration here. E. Ch. 
Hansen demonstrated that the wine yeasts winter in the soil, but 
on this point reference must be made to the chapter devoted to 
Baccharomycea apiculatus in the second volume. 



CHAPTER XVIII. 

BUTYRIC ACID FERMENTATION AND ALLIED 
DECOMPOSITION PROCESSES. 

§ 118.— Anaérobiosis. 

The fírst mentíon of the fact that butyric acid, discovered by 
Chevreul in 1814, can also be produced by fermentation, was 
made by R. Marchand (I.) in 1840, in connection with his 
researches on the coniposition of the milk of the South American 
cow-tree (Galactodendron americanum), In the folio wing year 
Noellner described, under the name of psendo-acetic acid, a sub- 
stance which he had found to result from the spontaneous decom- 
position (fermentation) of calcium tartrate, and which was then 
recognised by Berzelius as a mixture of butyric and acetic acids. 
Two years later Th. Pelouzb and A. Gélis (I.) observed that the 
lactic fermentations instituted by them did not progress satisfac- 
torily, butyric acid and considerable quantities of hydrogen being 
produced. In following up this observation they fomiulated the 
recipe, still current in many text-books on cbe mistry, that to start 
butyric acid fermentation a solution containing about 10 per cent. 
of sugar should be mixed with chalk and a little cheese, and left 
to stfuid at 25*-3o'' C. 

These observers did not endeavour to follow the progress of 
this fermentation more minutely, as their attention was entirely 
devoted to the new fermentation product ; the only remark they 
make is that the butyric fermentation is not set up at once in their 
method, but is preceded by a lactic fermentation, ''without its 
being possible to iníluence the progress thereof." It was naturally, 
far from the thoughts of Liebig's former fellow-worker at Giesseu 
to attribute the decomposition to the activity of living organisms. 

The discovery of the true statě of the čase was made in 1861 
by Pasteur (VIII.), who showed that two successive processes 
are here involved: íírst, the conversion of sugar into lactic acid 
or calcium lactate, and afterwards the transformation of the lactate 
into butyrate. He demonstrated that each of these changes is due 
to a speciál ferment, of which the second is the only one we háve 
to deal with now. The microbe (2 /i broad and 2-15 /i long) 
causing butyric fermentation, and which we now recognise as a 
bacillus, was regarded by Pasteur, not as a plant, but as an animal, 
one of the infusoria, because it was observed to possess powers 
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of locomotion. Nevertheless he laid but little stress on this dis- 
tinction, the point being one of minor importance in comparison 
with the property he recognised in this ^^vihrion buíyrique" viz., 
the faculty of existing withont air. This observation formed 
one of the main supports on which this gifted philosopher founded 
his theory of fermentation, mentioned in § i6, and with regard to 
which a few additional remarks will now be made. 

At present we háve fírat to consider the said peculiaríty by 
itself, irrespective of the resulting decomposition effected in the 
nutrient medium. Creatures requiring oxygen for the continu- 
ance of their existence are termed aSrobiontes, whilst the term 
ana^obiontes,or, shortly, anaérobes, is applied to creatures capable 
of development in the absence of this gaa A distinction is drawn 
between two sub-groups, viz., strictly anafoobic organisms, i.e. 
such as can live 07ily in an environment devoid of oxygen, and for 
which this gas is therefore a poison ; and íácultatively ana&robic 
organisms, úe, those to which oxygen is neither ii\jurious nor 
essential, and which can consequently thrive either in presence 
or absence of air. Thus, for example, the acetic acid bacteria are 
strictly aerobic, certain lactic acid bacteria facultatively anaérobic, 
and the majority of the butyric acid bacteria strictly anaérobic. 

At the present time numerous species of anaérobic fission fungi 
are known. Pastbur (IX.) himself, in 1863, associated with the 
" vihrion butyrtque " a second anaérobic species, viz., the microbe 
which sets up fermentation in calcium tartrate. This process of 
decomposition, already observed by Noellner, but which requires 
more careful investigation, often occurs spontaneously in tartaric 
acid works, destroying the tartaric acid and occasioning great loss. 
The different species of butyric acid bacteria will be thoroughly 
discussed later on. At present, by reason of their generál intereat, 
the known pathogenic anaérobic species, three in number, will be 
considered. The first of these, as regards priority of discovery, is 
the " vihrion aeptique,^^ found by Pastbur, Joubbkt, and ChambbRt 
LAND (I.), and subsequently examined more dosely by R. Koch 
and Gaffky, and now generally known to bacteriologists as Bacillus 
oedematis maligni, According to an opinion expressed by Pasteur, 
this bacillus is identical with the one eífecting the fermentation of 
calcium tartrate. The decompositions set up by the bacillus of 
malignant oedema in nutrient media containing carbohydrates were 
studied by K. Kbrry and S. Frabnkel (L). Grape-sugar yielded 
ethyl alcohol, ethylidene lactic acid, and butyric acid. From 
calcium lactate were produced butyric acid, a little formic acid, 
and propyl alcohol. Milk-sugar and also cane-sugar were gradu- 
ally fermented to ethyl alcohol, formic acid, butyric acid, and 
ethylidene lactic acid. Starch was also attacked, and yielded the 
three last-named acids. With Bacillus cedematia maligni háve 
been associated two other pathogenic anaérobic species of fission 
fungi, námely, the bacillus of symptomatic anthrax, by Feser 
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876-1878, and thnt which causea tetanua — 
BadlluÉ tetani — by Nicolaier in 
"" The latter is of some- 



what frequent 
arable boíÍ, and was alsD diacovered by S. A. 
Severin (I.) in horae-dunR. Tlie bjicUlus of 
eyniptomatic antlirax, according to the researches 
of M. NsNCEi (L), ivhen cultivated in media 
containing grape-sngar, producea chiefly noriua! 
butyric acid, along with ac^tic acid and optically 
inactive laetic acid, accompanied by tbe ovolution 
of COj and Hj. The remarkable symbioais of 
thia bacillua with Mirrocoectis aridi parahtctici 
haa already beeii bríefly mentioned in § 65. 



§ 114.— Hethods oř Cultivating- Anaerobíc 
Bacteria. 

Pasteur covered the nutrient liqiiid with a 
layer of oil in otder to prevent accesa of air. 
Thia metbod of covering up the medium with a 
protective stratu m haa been Tariously modifíed 
in order to teudet it applicable to aolid media 
aa well. Thua K. Koch, in 1S84, proposed to 
cover tbe gelatin plates with a tilm of mica, 
which, however, according to the experience of 
P. LiBOBius (I.), ia not always aufficient in the 
čase of Btrictly anaiírobic bacteria. On the other 
hond, a second metbod (also emanating from the 
(German) State Bourd of Health) haa proved 
highly BUitable, vií., that of culturea in deep 
layere, as prescríbed by W, Heafe in 1885. For 
these a puncture culture ia made in test-tubes 
contaiuing nutrient gtlatin oř agar- agar, the 
medium being covered, after aucceaaful inocula- 

tion, with ft sterile stratům of the samé liquefied 

y^>íf] substance. 

Auotber method, which lias aiso been vari* 

oualy modified, is that Hrst employed by Paaleur 

in connection with his atudies of the " vihrion 

teplique," which conaista in exhaustíng tbe air 

(oxygen) from the vessel contaioing tbe nutrient 

, _ _ ^jj medium inoculated with an anaiirobíc organiam. 

"■-' ■■ . jbic The modification niade by Max Gruber (II.) ia 

íoríui^'soiDB*ííí convenient and reliable, and ia in generál use, 

^?^%rtbtr''í"' ^^P^'^'"'^y "^ ""^ iaboratories of Fermentation 

' Physiologiata. Strong test-tubes (Fig. 45), about 

7 inches long, with a much constrictad porliou in the upper 
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tliird of their length, are 
ušed. These are filled 
with about 10 a.c of 
nutrient medium, thttu 
closed by a cotton plug, 
and after inoculation 
are immersed in water 
at about 3o*-3S° C, and 
tben conaected with aa 
air-pump. The air is all 
driven out by the water 
TBpour given off under 
the diminiahed pressure, 
whereupun the narrow 
part of the tube is closed 
by fusion and the uppei 
portion removed. By the 
UBo of nutrient gelatin this 
method also facilitatos the 
cultivation of colonies, 
so that the individual 
anaerobic species in a 
bacteríal miiture can be 
isolated. For thia pur- 
pose the Btill warm líquid 
contents of the tubes are 
converted into Esmarch 
roll-cult 
FiR. 46- 

In pláce of removing 
the air fiom the culture 
vessel by mechanical 
means — pumping oř driv- 
ing ít out by vapour — 
recouise may ho had to 
ozygeu-absorbing chemi- 
cals. Fot thia purpose 
a solutioQ of pyrogallic 
Bcid [v-CgHa(OH)J in 
caustic potash, a mixture 
that takea vp oxygen 
with avidity, and whích, 
as ia well knowu, bas 
long been in use in gas 
analysis, is employed. It 
was introduced into phy- 
■iolt^cal work by Nencki 
in 1880, Bs a test for 
the presence of anaerobic 
organisnu, but it was not 
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until the publication oí H. Bcchner'b (VII.) method in 1888 that 
il came into generál iiee in Bacteriology, Tlie teat-tube contain- 
iiif; tlif innculated nutrient medium — as a rol! culture if deaired — 
is placed in a, 
large test-ttibe 
(Fig. 47) about 
1 i inchea wide 
and 10 inchea 
long, at the 
bottom of 
wbich liB3 just 
prevíoTisly been inserted 1 gram oí dry 
eommercial pyrogallic acid and jo c.t 
of deci-nonual caustic potasb. Tbo 
smaller tube rests on a smolí wire sup- 
port, in order to prevent it from dip- 
ping into the hquid. The " Buchner 
pyrogallol tube " ia cloeed by a well- 
fitting previously - moistened rubber 
Btupper, and may then be placed 
in the incubator. When kept at 
37° C. the absorption of oxygen ia 
complete in twenty-four hours, or in 
two daya at 20° C, To treat plata 
culturea by this method, the culture 
ÍH placed over a baetn containing a 
sufhcient quantity of the said solution 
and rcsting on a flat plate of ground 
glasB, the whole being covered with 
a well-sitting bell-glass, the edge of 
which has been rubbed over with 
vaseline. Ano the r method for the 
culture of anaetobic organisms consiata 
in expelling the air from the culture 
veasel by auother Ras, e.g. carbon 
dioxide, hydrůgen,coal-gas,ornitrogen. 
Carbon dioxide i a frequently recom- 
niended hy the French school, and 
particularly by Fasteur, but ita em- 
ployraent ia not without objections, 
since it ia not an inert goa, but ia 
tub*, absorbed by the medium, which it 
laiii, MiiidBvS^í then rendera acid, and hence has the 
'if^íí"?!^ '''í^ '£.M P°i^6r of reBtricting growth. Moreover, 
according to the researchesoí P. FiiAtiK- 
LAND (I.), it acta aa a fatal poison on many bacteria. Although 
esperience shows that hydrogen gas ia not inert, still it may be 
accepted as the best to use for anaérobic cultures. Ordinary 
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illominatiDg gas was recommended for this purpose by K M^^urtt 
and A. Fourbdr -(L), but^ according to the researches of Th. Kla- 
DAKI8 (L), it must be rejected, since he found it acting as a poison 
on many bacieria. Nitrogen may be regarded as perfectly inno- 
cuous, and would long ago háve been employed for anaerobic 
coltures were it not that the method of prejMiration is too cum- 
broas and costly, at least for the physiologist. Many methods 
háve been proposed for the expulsion of oxygen by one of the 
above gases, but only two will now be briefly mentioned here. 
That of C. Fraenkel (IV.) is concerned with the treatment of 
test-tube cultures, ordinary wide test-tubes with two-holed stoppers 
being employed. One of the glass tubes inserted therein reaehes 
almost to the bottom of the test-tube, whilst the second is cut oíf 
close below the stopper. When filled with nutrient gelatin, agar- 
agar (oř bouillon, wort, &c.), the tubes are sterilised in the steamer 
in the usual way, and inocnlated, a current of hydrogen being 
introduced through the longer tube and passed through. When 
all the air is expelled the small tubes are hermetically sealed by 
fusion (Fig. 48) and the stopper smeared with warm paraffin. 
Esmarch roli cultures can then be prepared. If plate cultures 
{e,g, in Petři dishes) are to be exposed to an inert gas, they are 
(according to P. Liborius (I.)) placed under a bell (of copper, &c.) 
which can be tightly fízed by screw clamps against a caoutchouc 
plate. The gas (when hydrogen is ušed) enters through a tube 
fixed in the crown of the bell, and leaves by way of another tube 
situated below. 

It is impossible to refrain from mentioning that there is another 
method capable of taking rank with those described, and fulfilling 
all the conditions usually prevailing during anaerobic growth in 
Nature, viz., the simultaneous presence of strongly aerobic organ- 
isms. It is certain that anaerobic organisms can often be detected 
in liquids to which air has unrestricted access, and such associa- 
tions of aerobic and anaerobic organisms are not difficult to bring 
about by artifícial means, this having been successfully attempted 
by R. Penzo (I.), Bbyerinck (11. ), ^^^ others. The application 
of this method is, however, somewhat limited, since, of course, only 
mixed cultures can be produced by its aid. 

It was remarked by Pasteur that the growth of anaerobic 
organisms could be promoted by an addition of sugar to the 
nutrient medium. Now, an alkaline solution of grape-sugar is 
well known to háve a strongly reducing action ; hence these two 
facte induced Kitasato and Weyl (I.) to ascertain whether other 
reducing bodies were equally efficient ; and they strongly recom- 
mended the addition of 0.3-0.5 per cent. of sodium formáte, or of 
o. I per cent of sodium indigo-sulphate. A solid nutrient medium, 
qualified and stained blue by the last-named substance, is decolorísed 
as far as the growth of the reducing organism exteiids. The use 
of indigo-sulphuríc acid as a test for reducing action was first prac- 
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tised in 1858 by M. Tiiaube (I.) in his researches on íerments, 
and A. Spina (I.) was the fírst to emploj the sodium salt as a 
reagent for the samé purpose. 

§ 115.— Clostridium Butyricum (Prazmowski) and 
Bacillus Butyricus (Hueppe). 

Pasteuťs discovery that organic life is possible without íree 
oxygen, and that certain organisms can obtain the energy they 
need by so breaking down organic conipounds as to liberate heat, 
is one of the highest importance for physiology generally. The 
amount of heat so evolved is naturally much less than it would 
be if the compounds in question were directly converted into 
carbon dioxide. Pasteur, however, went somewhat too far in 
founding on this newly-discovered fact a theory of fermentation 
which culminated in the assertion that : " Fermentation is a 
universa! phenomenon, and consists of life without air, life with- 
out free oxygen," because, if this defínition be accepted, we should 
be able to speak of but few phenomena as fermentation, and, in 
particular, it would be necessary to discontinue the application of 
the term to those decomposition processes that from time im- 
raemorial háve been, and are even now, principally bome in mind 
in speaking of "fermentation," viz., the alcoholic fermentation 
excited by yeast, an operation which proceeds both with and 
without free oxygen. 

To return to the **vibríon butyinqtie" In the years 1877 to 
1880, A. Prazmowski (I.) published a careful morphological in- 
vestigation of a butyric acid bacterium, presumably identical with 
the vibnon hutyrique — though this cannot be stated with certainty. 
Eievating the designation Clostridium (fírst ušed by Trécu), and 
then only to indicate a form of prowth) to a generic term, Praz- 
mowski named two new species of bacteria Clostridium butyricum 
and Clostridium Polymyxa, The latter completely coincides with 
the former both in morphology and life history, but differs from 
the strictly anaiirobic Cl, butyricum both by its inability to exist 
in the absence of oxygen, and also by its incapacity to incite fer- 
mentation (in the restricted sense of the term). Fig. 49 reproduces 
the vegetative forms of growth depicted by Prazmowski as those 
of his butyric acid bacterium. They are mostly plump rods, some 
I 11 broad. The generation period was determined by Prazmowski 
as about thirty to thirty-fíve minutes at 35' C, and forty-five to 
fífty minutes at 30** G. Under certain conditions, and especially 
whilst young, the rods store up in their plasma a substance which 
resembles sUrch (amylum) in being stained blue by iodine. This 
phenomenon had already been noticed by Trécul, who gave it ex- 
pression in the generic name of Amylobacter, which he applied to 
these Schizomyceies, During the formation of spores the rods 
swell up, as related and shown in § 49. Jhe power of withstand- 
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ing heat poaseased by the endoeporos of Cl. buiyriewm wu examined 
by PrasmowskL The^ ara ible to remun in boili&g vnter for five 
minutea wtthont injut; ; bnt if tha trektm«nt be pTolonged to twice 
tbftt dtmtioD, then only the bardieet sporaa of all are left alive, and 
STU) tbeae auccumb tf the boiling be extended to fiftoen minutes. 
The progress of the genuination of the endoapores hu alreadj 
been deacribed in g 57 (9-ti.). The brisk locomotíon of the roda 
is pTodnced by a large uambei of cilia, »hown in Fig. 50. Frai- 
mowaki did not háve pare cultures, iu the prwent acceptance of 
the term, at diapo^al for bia lesearches, but vras obliged to conlíne 
himself to an approzimately pure culture piepared bj means of 
Roberta' boilii^ method (§ 107). The samé remark applies to a 
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▼aluable treatise by A. Frrz (VIL), wherein the fermentative 
activity of a fission fungus named Bacillvt butyliewš is reported 
npon. 

After £. Ch. Hansen, in 1878-79, had eatablished, in connec- 
tion with acetic fennentatioD, the new and important fact that 
this decomposition procesa ia eflected by at least two different 
species of bocteria, F. Huepfx (IY.) in 1884 found the samé to 
be the čase with butyríc fermentation and discovered a Badlltu 
bulyrieut wbích exerted ita decompoeing activity ín presence of 
ftlr. This fact waa confirmed by Maz Grubib (II.), working with 
a reliable method of pure culture in 1887, and it was at the samé 
time deinonatrated that the Cloalridium Imiyriaim of Prazmowski 
consistB of a number of dosely allied, but nevertheless distinct, 
apeciea Nearly lelated to Uiia is a ferment isolated by P. 
LiBOBiira (I.) from old cheeae, and introduced into literatuře 
under the name of Clottridium fcetidvm. Thia organiam liberatea 
Tory foul-amelling gaaea, in addition to producing butyríc acid, 
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and forms one of the many connecting links between the butyric 
acid bacteria (in the restricted sense of the term) and the so-called 
potato bacili i. No sharply defíned limit can be drawn between 
these two groups. In the samé category must also be included 
one of the two species of bacteria which wcre isolated in 1894 by 
W. Kbdrowski (I.) from a butyric fermentation produced by a 
method approximatíng to that of Pelouze. In still closer relation 
to the potato bacilli are a few anaerobic species isolated by C. 
Flúoob (II.) from boiled milk, as also the Bacillus Itodermos, 
frequently observed by Lokffler (III.) in imperfectly sterilised 
milk. 

§ 116.— The Genus Granulobacter. 

As the reader will be aware, organic chemistry distinguishes 
between two kinds of butyric acid, only one of which, viz., the 
propyl carboxylic acid, having tlie subjoined formula — 

CHs-CHu— CH,— COOH, 

is, in the present statě of science, known to result from butyric 
acid fermentation, on which account it is also called fermentation 
bntyric acid. On tlie other hand, the isomexic acid, which, in 
accordance with its constitution — 

CHs H CHj 

X^ = CH.COOH 

/\ I 

CH, COOH CH, 

is also styled dimethylacetic acid or isopropyl formic acid, has not 
hitherto been obtained by the aid of fermentation. However, not 
only the first-named acid, but also the corresponding alcohol, viz., 
normál butyl alcohol, CHg — CHj — CHj — CHgOH, can be pro- 
duced by the activity of fission fungi ; so that we may also speak 
of a group of the bacteria of bntyUe fermentation. In this con- 
nection we are indebted to M. W. Bkyerinck (XII.) for some 
thoroughgoing researches, which háve not only brought new facts 
to light, but also led to a more definite characterisation and limita- 
tion of a number of species of butyric acid bacteria. This observer 
has given to the bacteria of butylic fermentation the common 
generic name of Granulobacter, since they all possess the faculty 
of storing up granulose in the interior of their cells, owing to 
which they are stained blue by iodine. The characteristics of this 
genus are given by Beyerinck as follows : — " Strictly or temporarily 
anaerobic fermentative bacteria, which in a condition of complete 
anaifrobiosis beconie partly or entirely íilled with granulose and 
then assume the clostridium form. In presence of traces of 
oxygen, short motile rods are quickly produced, wliich are stained 
yellow by iodine. Endospores make their appearance in the 
clostrídia. They are able to remain uninjured for a few seconds 
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or minutes at a temperature of 95*- 100* C. Among the products 
of the íermentations set up by individual species of this genus 
are : carbon dioxide always and hydrogen generally, but methane 
Í8 nevěr found." 

ChrantUohacier hutylicitm is the species producing butyl alcohol. 
It is presumably identical with Grubeťs Bacillus amylobacter /., 
and is frequently met with in the flour of cereals. It is anaerobic, 
and produces from maltose normál butyl alcohol, hydrogen, and 
carbon dioxide, but no butyric acid ; diastase is formed concur- 
rently, but not glucase. A spontaneous butyl-alcoholic fermenta- 
tion can be set up by gradually addíng to loo** c.c. of boiling 
water as much coarsely ground, unsifted, fresh barley-meal (from 
Hordeum distichum nuduvi) as will produce a thick gruel, and 
then cooling down to about 35" C. so quickly that the finál portion 
of barley-meal will háve been exposed to 100' C. for a few seconds 
only. The mixture is kept at a temperature of 35**-37** C. At 
the expiration of twelve hours bubbles of gas will be perceptible, 
and the presence of butyl alcohol will be manifest, by its odour, 
after a further twenty-four hours. If the aforesaid temperature 
be strictly maintained, almost pure Granulobacter hutylicum will 
develop in the liquid, and a pure culture can be obtained there- 
from, unhopped malt-wort gelatin forming a suitable medium, and 
one of the methods described in § 114 being employed. In this 
medium the físsion fungus in question will develop into milk-white, 
visco-mucinous, non-liquefactive colonies. The fermentations in- 
duced therewith {e.g. in unhopped malt-wort of not more than 
10^ Sacch.), and which must be carried out in the absence of 
air, progress in two stages : so long as any free oxygen remains 
dissolved in the liquid, development will proceed but slowly, 
only carbon dioxide and hydrogen (no butyl alcohol) being pro- 
duced. When the liquid is finally purified, then not only can the 
appearance of the alcohol be observed, but also an unusually 
vigorous increase of the cells, which will be found to be so full of 
granulose that a drop of the liquid will become stained quite blue- 
black by iodine. The endospores, which soon make their ap- 
pearance, attain, with a breadth of i fi, a length which may be as 
much as 2 ft. This species is very sensitive to butyric acid. 

A second species is Granulobacter saccharobutyricujn, the true 
butyric acid bacterium, generally so called, and presumably iden- 
tical with the Bacillus butylicus examined by Fitz. It is more 
widely distributed and of more frequent occurrence than the last 
named species, with which it is associated on cereal grains and in 
the green malt, groats, and flour prepared therefrom. It is this 
species, also, which occurs, and gives rise to damage, in badly 
prepared distillery yeast-mash. Glucose and (but with greater 
difficulty) maltose are decomposed by this species, butyl alcohol, 
carbon dioxide, and hydrogen in variable proportions being pro- 
duced, in addition to butyric acid. From a morphological point 
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of view, it Í8 dosely allied to the fírst-named species, but the spores 
are somewhat smaller ; also, like tlie other, it does not liquefy 
gelatin. Probabl j identical with, or at least very dosely related to 
O, aaceharohutyricum is an anaerobic ferment (Bactllus butpricus), 
isolated by 8. Botkin (I.) írom Berlin and Breslau milk, and also 
frequently noticed by Flúooe (II.) in market milk. 

Oranulobacter lactohutyrtcum is probably identical with the 
organism causing butyric acid íermentation in calcium lactate, de- 
scribed by Pasteur. When cultivated in the absence of abr, it 
grows in the form of plump, short clostridia, which stain violet- 
blue (not pure blue) with iodine and convert calcium lactate into 
butyrate, hydrogen and carbon dioxide being liberated. The 
endospores are smaller and shorter than those of the fírst-named 
species. When kept in presence of air, this organism converts 
calcium lactate into large spheroidal crystals of the carbonate, and 
in this čase takés the form of slender short rods, resembling those 
of Bactllus subtilis and staining yollow with iodine. From the 
fact, recorded by Beyerinck, that this species in a statě of pure 
culture dies out after several re-inoculations, whether air be ad- 
mitted or excluded, it may be presumed that the organism needs 
for its prosperous development the symbiotic association of another, 
Btill undetermined, species of fission fungus. 

Granulobacier Polymyxa is frequently found on cereal grains, 
and is presumably identical with Prazmowski'8 Clostridium Poly- 
myxa. This species develops most satisfactorily in an unrestricted 
Bupply of air, and then assumes the form of motile rods. When 
the aeration is deficienty spore-bearing clostridia appear, and a weak 
fermentative action is noticeable, a small quantity (traces) of butyl 
alcohol, together with carbon dioxide, being formed, but neither 
hydrogen nor butyric acid. — The Leptothrix buccaliSf very fre- 
quently found in dental mucus, and whose thread chains are 
generally stained blue by iodine, is also classifíed by Beyerínck 
along with the Granulobacteria. 

§ 117.— The Equation of Butyric Fermentation 

is set out in a very simple form in most text-books on chemistry, 
that for the decomposition of the hexoses (glucose, &c.) being 
given as follows — 

CíHiaOí = 2Ha + 2C0a + C4H8OJ, 

or, with lactic acid (or its lime salt) as the raw materiál — 

2CsH«0j = 2H2 + 200, + 04H80> 

In the preceding paragraphs we háve, however, made the 
acquaintance of a very large number of bacterial species with 
divergent methods of action, so that we must at once admit that a 
genend equation for butyric acid fermentation is not to be thought 
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of. AU that can be hoped for is the discovery oí more accurately 
defíned equations for each of the varlous species and their char- 
acterisation, as e.g, the equation for the fermentation set up by 
Granulobacter saccharohutyricum^ and so on. Nevertheless, even 
this limitation is not sufficiently strict, as \s\\\ be evident from 
what follows. 

L. Perdrix (I.) examined the fermentative capacity of an 
anaerobic spore-bearing butyric acid bacterium (dosely allied to 
Botkin's Bacillus hutyricus), which he isolated from the water in 
the Paris mains and nanied Baeille amylozyme by reason of its 
property of bringing starch into solution (saccharifícation). When 
grown in a meat-broth containing glucose and calcium carbonate, 
with exclusion of air, this íission fungus produces acetic acid and 
butyric acid, in addition to hydrogen and carbon dioxide. The 
mutual ratio of these four fermentation products changes with the 
increasing age of the culture. In the first three days it can be 
approximately expressed by the equation 

56C«Hi20« + 42H,0 = isóHa + 114CO2 + 39C2H40a + SóCíHeOa, 

but later on by the equation 

^óCíHiaOí + 18H2O = 112H2 + 94CO2 + isCaHíOa + jSCíHgOa. 

Finally, the transformation becomes simplifíed, acetic acid 
being no longer produced, and the sugar then splitting up very 
nearly as follows — 

C«Hi206 = 2H2 + 2CO2 + C4H8O2. 

Similar ratios were established for the fermentation of sac- 
charose and lactose, which is not preceded by inversion. Starch 
is, as already mentioned, saccharifíed by the Baeille amylozyme, 
and is then fermented, amyl alcohol and ethyl alcohol being 
formed. 

Along with these Schizomycetes must be ranked the Bacillus 
suaveolenSf described by Solavo and Gosio (I.), which converts 
starch into dextrin and glucose, and ferments these with excretion 
of alcohol, aldehyde, formic acid, acetic acid and butyric acid, 
which then partly unitě to form sweet-smelling esters. Butyric 
acid bacteria that produce aromatic substances as well are im- 
portant for the ripening of cheese, being ossential for the develop- 
ment of the characteristic odours of the various kinds of cheese. 
However, in this matter our knowledge is still only in a rudi- 
mentary statě. E. von Frbudenreich (I.) separated from milk 
a Clostridium fadidum lacHs, which develops, in this medium, an 
odour resembling that of Limburg cheese, and the samé observation 
was made by H. Weiomann (L). The Bacillus saecharobutyrims, 
isolated from so-called '* Quargelkase '' (small country cheese, a 
SOUT soft variety) by V. von Klsoki (I), and examined by him for 
its fermentative power, also belongs hereto. 
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Hite retíelí^Mi of lliíe oMtgýmt aMižsoai oi tbe pcop«ai <ií botjik £er- 
flMttittíoo vai thowa bj L. GttimsT (L) ín t^ cam oí tht amM^ 
rotik B^a^nUwf r/rtkoM^ýau, Thú wac itolated «• a pare ealtnre 
imm a f ennenúng «qtiiQ<MM liqajd eontoínhig rairínm Urtzite ani 
iieg«»íiií(MU aeedc, tli« aaíd nit beíag, híOv«Ter, «• Hule afleded hy 
ti»ie h^eUlo* a« ts eakiom kícUte. On tine olher faand^ fiieeha2o§e, 
betoiie, malloM, torert mgti; giiKose, and line like, form ÍMwmaiUt 
nttUúmt mbitooíeei, iKoniial bcttjrne aďd, aeetic add, nomal batjl 
ak^oboi, and a litlk ia»-tatfl aieokol, togethíer víth hjdrogeii and 
etrbon dioxíde, beíog tíne prodxscU of fennentatíoiL The tatío oí 
il»eie prodocU i« f oond to depeod on the resetiott of tke seétBa, 
the jkld oí butjl aleobol increaňng and that of batjrk acid dimi- 
niahíng with tlíe inereaaed ackiitj thereof, vhilat the amoant of 
aeetie aeíd remaíns tmafleeted^ Iň harmonj with thia detennina- 
tíon ím the further lact tíiat, as the age — and coneumnúj the 
šásíá content — of the fermenting líquid incieases, the amoant of 
butyl aleohol produced per unit of time becomea larger. So far 
a« the aga of tha " leed ^ (úe. the germs and organiama tranaferred 
ín the proce«« of inoculatíon) ia ooncemed, it ía found that, aa 
regard« the productlon of butjl aleohol, the fermentative power of 
joung cultureti ía greater than tho«e of more mature age. --Sandry 
experímenU ín the technical preparation of butyríc acid bj fer- 
mentatíon were made bj L. Ledeber (L), but these leaA^e much 
to be deftíred from a bacteríologícal point of view. 

The faculty of producíng starch-dÍMolving enzjmes b wide- 
spreaíl among the bacteria, and íb in uowÍBe restricted to the above- 
named species. Our knowledge of these amylases or diastases 
(in the generál sense) ÍBf however, still in its infancy. In this 
connection we may refer to a treatise by Bbterinck (XIII.) on 
glucase, the enzyme oí maltose. After J. Wortmann (I.) had 
already, in 1882, made a few investigations thereon, but only in 
bacteríal mixtures, Cl. Fermi (IL) approached the matter more 
cloíMíly Ín 1890. According to his observations (made exclusively 
with pure cultures), diastatic enzymes are excreted by the foUowing 
species : — Dacillus subtilis^ B. megatherium, B. anthracis^ B, tetra- 
genuBf B, ramomsy B, Fitzianus, Vibrio cholerce asiaticce^ and 
others ; this faculty beíng, on the other hand, lacking in Bacillus 
pi/oct/aneuSf Microeoccus prodú/íosuSy &c. According to the re- 
séarches oř A. Villiers (I.), there occurs among the fission pro- 
ducts of the oction on starch paste of a físsion fungus belonging 
(presumably) to the group of Granulobacteria, a small quantity 
(0.3 per cent.) of a new carbohydrate, known as cellulosin, which 
has the formula CioHopOio + sHgO.— The starch-dissolving action 
oř hacteria also probably comes into play in the preparation of the 
alcoholic beverage known in Central America as chicha. V. Mar- 
OANO (I.) States that this liquor is prepared by steeping maize for 
four to six hours in water, then boiling for a short time, and after- 
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wards leaying the mixture to settle, whereupon a brisk fermenta* 
tion quicklj ensues. More accurate iníonnation respecting the 
fissiou fungus concerned is still lacking. . 

§ 118.— The Fermentation of Cellulose. 

To dissolve and get rid of what has ceased to live is (according 
to an appropriate remark made by Pasteur) the task of the fungi 
in generál, and of the físsion fungi in particular. Without their 
activity the circulation of the elements of which the organic world 
is constructed wonld quicklj come to a standstill, and the surface 
of the earth become in a few years thickly covered with the dead 
bodies of animals and plants. Respecting the constituents of the 
latter a few words will now be devotod to the fate of the Oellnlose, 
of which the greater part of the cell walls of plants is composed. 
Here the question arises as to how the carbon in this substance is 
set free again, and the gradual, and fínally complete, accumulation 
of this element in a useless form prevented. In this čase once 
more assistance is afforded by bacteria, which split up the cellulose 
and remove it out of the way. 

E. M1T8OHERLIGH (I.) was the first, in 1850, to comment on the 
natural decomposition of cellulose, by expressing his opinion that 
it was attributable to the fermentative activity of vibrios. The 
probability of his view was increased by Popoffs (I.) discovery in 
1875, ^^^^ ^^^^ decomposition process can be moderated or com- 
pletely arrested by the addition of substances poisonous to bactería. 
A closer investigation of the organisms in question was under- 
taken two years later by Van Tieohem (IV.), who gave them 
the name of Bacilhia amylohacter^ and (V.), from microscopical 
examination only, declared them identical with Pasteuťs vihrion 
bittyrique, 

It would be useless at the present time to argue on this 
assumption, since both observers worked with what were probably 
complex mixtures of several species, certainly not with pure cul- 
tures. On the other hand, Van Tieghem's further demonstration 
that petrifíed cells of (morphologically) similar físsion fungi are 
also to be found in the fossil conifersB of the Carboniferous period 
is worthy of mention. 

A. H. C. Van Sknus (I.), in 1890, endeavoured to obtain a 
pure culture of the organism giving rise to cellulose fermentation. 
According to him, a symbiosis of two species is here in question, 
the one of them — which he named Badllua amylolactei* — occurring 
in the form oř rods 0.8-1 /x broad and 2-10 11 in length, which, 
under speciál conditions, are stained blue by iodine. When air is 
admitted they form endospores, which then germinate only when 
air is excluded. The second of these symbiotic species is of much 
smaller dimensions, and is by itself, like the B. amylobacter, 
incapable of fermenting cellulose. For this purpose the conjoint 
VOL. I. « H 
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tfbd of hoib 9peáe§ it ntcemtujf tu enzyme being then ezaeled 
which diaiolTee tbe eeUuloee. Van Senus íeolated this eozjme, 
and demonstiated iU solrent power on ceUnloee bj apfdying tiie 
alkaline solotkm (conteining chlor of orm in oider to snppress bec- 
teríal growtíi) to the cell walls of dices of bean& 

V. OmIelluískt (LX úl 1895, obtained yerj diflerent reenlts. 
He inocolatad a mineial nntríent solution (containing potaaaiam 
phoephate, magnesium solpbale, ammonium sal|4iate, and chalk), 
in wnich atríps of Swedidi filter-paper were held in suspenaion, 
with a amall qnantitj of mud from the Nera, and then kept the 
whole at 30*'35* C, air bein;; excluded. Fermentation rapidlj 
aet in, the etripa of páper graduallj beooming thinner and finallj 
diaappearing altogether. Bj repeated transferencea of amall por- 
tiona of the fermenting liquid to fresh steríle media tbe ferment 
waa purified, and fínally brought into a atate of pure cultnre by 
anaérobic cultivation on disca of boiled potato. Omeliansky de- 
acríbea the organism as an onasually slender bacillns, measuríng 
oniy 0.2 to 0.3 /i in breadth for a length of 6-7 fi, and forming 
terminál giolndar endospores i ^ in diameter, whereby the pole at 
which the spore occurs is swollen up. 

As in many other directions, here also, in the čase of the 
fermentation of cellulosc, the extension of our knowledge is de- 
pendent on the elucidation, still to be made by chemists, of the 
composition of the substances subjected to investigation for the 
prodncts they yield on fermentation. At the present time the 
essential requirement that the ferment shall be ušed in a statě of 
pure culture is almost fulfílled, but so far as the purity of the 
cellulose to be decomposed is concemed matters are by no means 
on a satisfactory footing. Ernst Schulze (I.) in 1895, ^^ ^ treatise 
setting forth the present statě of our knowledge on the subject 
(and one well worthy of perusal) shows how very divergent are the 
substances which now bear the name of " cellulose." He separated 
a number of these, and collected them into the group of hemi- 
celluloaea, distinguished by their solubility in hot dilute minerál 
acids whereby they are converted into glucose, whilst the remain- 
ing celluloses do not undergo this change. Considering how 
divergent these substances are, it is not surprising that different 
investigators do not always obtain concordant results as regards 
the products of cellulose fermentation. This decomposition occurs 
on a large scale in the mud of marshes where there is no lack of 
decaying plants, and where, moreover, the other conditions are 
favourable. It has long been known to chemists that, in such 
water, a somewliat copious discharge of gas bubbles rises out of the 
ground, which discharge consists for the most part of methane 
^CHf), ť.0. the gas to which the name of marsh-gaa has been given 
from the places where it is found in Nature. Carbon dioxide is 
also liberated at the samé time. The proportional quantity of the 
two producta was reported in several analyses communicated by 
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PopoFF (I.) in 1875, and more accurate researches on thesame 
point were published by Hoppb-Sbtlbr (L) in 1886. The latter 
kept, with exclusion of air, either mud ířom marahes and riveis, 
or else clean páper inocolated with a little mud and then distributed 
in water, and demonstrated that in the xnixture of gases evolved 
therefrom methane predominated greatly at the outset^ but there- 
4ifter gradually diminished to the proportion i : i, 80 tiiat Hoppe- 
Seyler, being unable to discover any other decomposition products, 
expressed the opinion that the cellulose Í8 hydroliaed by the action 
of the bacteria — which from microscopic examination he asserted to 
be the samé as Yon Tieghem's Bacillua amylobader — and is then 
split up into equal volumes of methane and carbon dioxide, accoid- 
ing to the equations — 

C0H10O5+H2O = CoHisOf. 
CíHiaOe = 3CO2+3CH4. 

He found the ratio different when sulphates (gypsum, dcc.) or 
ferric salts were present in the water or mud. In such čase the 
nascent methane, by its reducing action on these salts, converts 
them into carbonates, sulphuretted hydrogen being liberated, accord- 
ing to the equation — 

CaS04+CH4 = CaCOs+HaS + HaO. 

The sulphuretted hydrogen is, then, under natural conditions, 
acted upon by the sulphur bacteria which are always present in 
such watera This yriú. be dealt with in Chapter xxxv. 

The importance of cellulose fermentation in the physiology of 
nutrition (especially of cattle) must also be briefly adverted to. 
The opinion long held by Emil Wolf^ that the vegetable fíbres 
<ionsumed with the food pass out of the alimentary canal unaltered, 
was contradicted, in the čase of ruminants, as far back as 1854, by 
Haubner, who showed that even in the čase of sawdust and páper- 
pulp mixed with the fodder, only a portion (less than half) was 
-expelled again in the excrement^ a fact confirm^ by the exhaustive 
researches of Henneberg and Stohmann. The difference between 
the amounts of cellulose (crude fíbre) taken in and rejected was 
highest in the čase of ruminants (up to 75 per cent.), being only 
50 per cent. at most in horses, and still less in the human subject 
and in swine. In camivora (dogs), on the other band, no such 
difference could be detected. The quantities of cellulose thus 
disappearing in digestion were, it was thought, digested, and were 
regarded as approximately equivalent in nutritive value to the 
soluble carbohydrates. A number of animal physiologists main- 
tained that the cellulose was dissolved by an intestinal enzyme, 
which, however, was sought for in vain. The earliest reliable 
4etermination8 on this point were made by H. Tappeiner (I.) in 
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1884, who showed the fate of all cellulose taken into the body and 
not evacuated in the Íkcob to be, not digeation and abaorption into 
tbe arterial circulation, but fermentation into niarsh-gas. The 
operation, bowever, does not proceed exactly according to the 
above equation, but yields, in addition to methane, volatile fatty 
acids {chiefly ucetic acid, then butyric acíd, &c.). Bearing this 
in mind, thia decompOBitton process cannot be regarded as totally 
without value for the animal body, althougb, naturally, tbe co- 
efficient of digestibility, bitherto usually osaumed, necesaarily 
Buffered considerable depreciíttion. JIoreovBr, this procese is in- 
directly favourable, in so far tbat, by the solution of the celhwalls, 
the cell contents of the regetable nutriment are laid bare, and thus 
rendered more readily accessible to the digestive fluida. Altbough 
by thia discovety the cbief suiirce of the intestinal gases ao 
copiously evacuated by berbivorous animala is made manifest, still 
it sbould not be assumed that the methane therein is exclusively 
derived from the fennentation of cellulose, aince Buge and Flaoer 
proved that, even in casea of a pnrely flesh diet, niethajie is to be 
found in the intestinal gases (of man and the dog). 

Cellulose fermentation alao playe a part in the preparation 
of biown hay, sweet eneilage, and bout fodder, conaidered in 
Chapter xsvii., ivhere it fonns one of the causoa of the great lofs 
of matter inherent in these processes, in connection wherewitb 
reporta háve been made by Weiske, O. KelJner, M. Maercker, 
and othera. This process also goea on — aa shown in 188+ by 
P. Dbhérais (L) and U. Gayos (L)— in maonTeB. If, favoured 
by speciál circumstances, it proeeeds more rapidly than the decom- 
position of all the other (and especially the nítrogenoua) con- 
atituents, then an irregularly íermented product— lieficient in the 
iihrea necessary to impart porosity to the masa — and known as 
fatty mannre, is the result. 

The evolution of marsh-gas and hydrogen by the agency of 
bacteria also occura, not infrequently, in other situations ; for 
instance, in the diffosers in sugarMTorka, and very ofteu ao atrongly 
that the amonnt of gas suffices to produce powerful exploaions 
when the difluaers are incautiously approached with a naked light. 
The teaching of experience, that frozen beet is jiacticularly liable 
to such a form of decom poaition, ia probably explicable by the 
circumstance that such beet cannot be entirely freed from adherent 
particlea of soij, and tbe ferments present therein. It is alao con- 
ceivable that, hy the agency of froat, the pectina in the beet are 
transformed into a more readily decompoaable condition. On this 
point a few observations háve been made by Millot and Maquenne, 
and, more recently, by P. Dehébain (II.); more accurate investi- 
gations thereon are, however, still lacking. 
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§ 119.— The So-called ^^Rettlngr" of Flax and Hemp. 

The present íorms the most fítting occasion for making a few 
«xplanatorj remarks on this matter. As is well known, it is the 
bašt fíbre of these planta that is referred to when hemp or flax is 
spoken of in the textile industry. In order to laj these fíbres 
bare and obtain them in a pure statě, it is necessary to dissolye 
the intermediate intercellular substance (the so*<»dled centrál 
lamelltt) — which consists, not of Pectose, as stated by J. Kolb, 
but (according to the researches of Mangin) of caldiím peetata. 
This can be effected by chemical means, by a (patented) process 
which Baur successfully introduced into Silesia on a large scale 
in 1882, and which consists mainly in treating the plants with 
very dilute sulphuric acid, and then neutralising the adherent acid 
by a weak alkali bath. The solution of the cementing calcium 
pectate can, however, be brought about by a fermentation, known 
as "retting," that has been practised from remote ages without 
any speciál knowledge of the more delicate processes involved. 
According as the moisture necessary for this fermentation (or for 
the development of the fission fungiis effecting the samé) is im- 
parted to the rippled stalks by means of dew, sprinkling them 
with water, or by immersion, the process is known as dew-retting, 
water-retting, or, fínally, mized retting. 

With reference to the bacterial species taking an actiye part 
in this process, Van Tieghem (VL) in 1879 expressed the opinion 
that they should be assigned to his Badllus amylohader^ which 
he, as already mentioned, also regarded as the cause of cellulose 
fermentation. The inaccuracy of this view is evident, since, if the 
retting TFr. rouUsage^ Ger. rosten) of the flax were mainly a procese 
of cellulose fermentation, there would not be much of the fíbre 
(which chiefly consists of cellulose) left. It was V. Fribes, who— ^ 
working under the directions of S. Winooradsky (I.) — ^in 1895 
clearly proved the true statě of the čase and made known the 
active agent of this pectin fermentation. This organism is a 
fairly large-celled species, occurring in the form of rods, which, 
when young, háve a length of 10-15 /x with a breadth of 0.8 fs 
but subsequently become broader ( i /i), and swell up to a thickness 
of 2 /i at the one end (tadpole shape), where a long endospore 
(1.2 X 1.8 fi) is developed. This (anaerobic) bacillus will not grow 
on gelatin, but when supplied with nitrogenous food in the form 
of peptone will ferment glucose, saccharose, lactose, and starch, 
leaving these, however, imtouched when the peptone is replaced 
by ammonia salts. On the other hand, even in this latter čase, 
any pectin bodies that may be present, úe, pectin and pectic acid, 
are fermented, and that, too, even more readily than the carbo- 
hydrates already mentioned. The organism, however, has no 
action on cellulose and gum-arabic When clean portions of 
plants, previously washed, fírst with acidified, and then with faintly 
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alkalinoi water (free írom bacteria), are exposed to the action of 
ptire cultures of this bacillus, they quickly lose the greater portion 
of their pectin content, the loss of weight they suffer being almost 
exclusively due to this cause. As reported by £. Pfuhl (II. )» a 
patent has been obtained in the United States by Allison and 
Pennington for the method tested by them, whereby the retting 
of flax can be effected in a few days in any class of water, by the 
addition of salts promoting the growth of the desired ferment. 
Perhaps an inoculation by water from a locality — such as the 
iriyer Lys, a tributary of the Schelde — where fiax-retting is exten- 
sivěly carried on, is also to be made. 

§ 120.— The Rancidity of Fats, particularly Butter, 

will be briefly dealt with bere parenthetically, as there is no other 
appropriate pláce for it. The characteristic indication of this well- 
known phenomenon is an increase in the percentage of free acids 
(chiefiy the volatile acids, butyric, caproic, &c.). This may be 
attríbuted to four different causes : (i.) The activity of lactic acid 
bacteria converting the residual lactose in the butter into lactic 
acid, which latter is then transformed into butyric acid by Granu* 
lohater lactohutyricum ; (2.) The decomposition of albuminoids 
(casein) by bacteria capable of forming butyric acid therefrom ; 
(3 and 4.) The dissociation of the fats into glycerin and free 
fatty acids, either by bacteríal agency on the one band, or by the 
action of light and air on the other. The preponderance of one 
or other of these causes depends on the attendant circumstances. 

K DucLAUX (VL) rendered valuable service in demonstrating 
the influence of air on the fatty matter of butter and cheese, and 
by showing that this influence is twofold, viz., it fírst, by saponi- 
ílcation, breaks the matter up into glycerin and fatty acids, and 
then converts the latter. (especially oleic acid) into 0x7 compounds. 
In the dark, and in presence of a copious supply of air, saponifíca- 
tion predominates, the butter then smelling strongly of butyric 
acid ; but if, on the contrary, the oxidising action gets the upper 
hand, then a tallowy flavour is the result. 

A recognition of the influence of light and air does not neces- 
sarily imply that bacteria play no active part in rancidity. This 
latter view was maintained by H. Schulz (II.) in 1878, but was 
afterwards denied by E. Ritsbrt (I.), Arata (L), and others. 
With reference to the careful work performed by Ritsert, it should 
be remarked that the main point is in the treatment of the ques- 
tion as to the occurrence of rancidity in the absence of micro- 
organisms. The aflirmative answer thereto does not, however, 
involve the conclusion that their activity is, under natural condi- 
tions, unimportant for the development of rancidity. The action 
of the lactic acid bacteria can be illustrated by a practical example 
a£forded by the so-called Paris butter. This is a particularly stable 
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product, and is prepared from sweet cream, which, beforo chuming, 
Í8 heated to nearlj 100° C. and then rapidly cooled again, whereby 
the físsion íungi just mentioned are killed. The bacteria which 
split up the glycerídes in butter include one which R Krueobr (L) 
isolated from butter that had become cheesj, and which he named 
BacUlus Jluorescens non liquefaciens, 

Investigations on the breaking up of íats by bacteria, which 
process is oí medical interest in connection with the putrefaction 
oř dead animals, were conducted by G. von Sommaruoa (I.), chiefly 
with pathogenic species, only a few of which were found to pos- 
sess this power. Among these may be mentioned Bacillus typhi 
abdominalie, B, pyoq/aneus, Mícrococcus tetragenus^ Vibrio cholerce 
adaticcBy Deneckés spirillum, and others. On tíie other hand, 
Bacillua megatheríum and B, mhtilis do not possess it. 



CHAPTER XIX. 

THE PRESERVATION OF MILK. 

§ 121.— Dirt- and Germ-Content in Milk. 

Thb sterílisation of milk is excessively difficult, because this 
liquid Í8 particularly liable to inf ection by very hardy germs. Even 
when yielded by a healthy cow, the milk, on issuing from the 
udder, is already infested with bacteria. When milking is ended, 
a small quantity of milk is left behind in the lačteal ducts, and in 
this there settle a number of bacteria which make their way from 
outside, are favoured in their development by the high tempera- 
ture, and become incorporated with the subsequent flow of milk. 
In addition to these are the innumerable bacteria originating in 
the dung and adhering to the udder. Both groups consist mainly 
of species very tenacious of lif e, derived from the soil and entering 
the alimentary canal along with the fodder. They pass through 
the intestines unhurt, are conveyed with the dung on to the udder 
and the hands of the milker, and then into the milk, where they 
ílourish exceedingly. The dirt, adhering to the cows, and itself 
infested with bacteria, is partly disseminated as dust through the 
air of the cowhouse, so that this also is impregnated with bacteria, 
and yields up no small quantity to the milk. For investigations 
on this point we are indebted to G. J. Lbufvěn (L), who held 
sterílised fiat glass dishes open, for a second, above the edge of a 
milking pail into which milk was being drawn from the cow, and 
then introduced into the dishes some liquefíed nutrient gelatin, 
wherein the germs present in the basins developed into colonies, 
and could therefore be counted. In this manner it was proved 
that, in the space of ona second, from 47 to 1210 germs, according 
to circumstances, were deposited in an area of i square decimetre 
(100 sq. cm., or about 16 square inches). 

The amount of the germ-content is thus primaríly determined 
by the degree of contamination prevailing in the cowshed, a crí- 
teríon of which is afforded by the amount of dung constituents 

Ěresent in the milk. This estimation was íirst attempted by 
IsNK (I.), who found, for instance, in the market milk of Halle- 
on-Saale, some 75 m.g. per litre ; in Berlin milk, 10 m.g. ; and in 
Munich milk, 9 m.g. of such milk -dirt, the highest quantity 
amounting, at Halle, to 0.362 grm. per litre. If the milk be 

treated in the centrífugal machine, in order to remove the cream, 
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the dirt is separated, and collects, along with casein, bacteria, &c., 
as a coating, sometimes granular, at others mucinous, on the walls 
of the inner drum, and is generally known as milk-aludge. It con- 
sists of about 26 per cent. of albuminoids, 67 per cent. of water, &c, 
and is relatively much richer in bacteria than the milk. O. Wyss (I. ) 
was the first to investigate this mud, and the quantity separated 
was found, in a čase examined by Nibderstadt (I.), to amount to 
43 grams per hectolitre (slightly more than 30 grains per gallon). 

The connection between the content of dirt and of germs in 
jnilk was shown in particular by Uhl (L), a few of wliose figures 
are now given : — 

Dirt Number of Oerms. 
Sample Xo. M.g. per Litre. Per c.c. 

1 36.8 12,897,600 

3 20.7 7,079,820 

6 5-2 3*338,775 

Sundry researches on the germ-content of cow-dong, and on 
its dependence on the dietary, were carried out by E. Wúthrich 
and K yon Frbudenrbich (I.). They found up to as many as 375 
miUions of bacteria per i gram of fresh feecal matter, the majority 
consisting of Bactertum coli commune, along with some 3 millions 
of hay bacilli and others. An equal weight of the hay ušed for 
fodder contained about 7} millions of germs, of which about one- 
fonrth were hay bacilli. Sour brewers' grains (forty-eight hours 
old) yielded 375 million colonies. 

The germ- content of freshly drawn milk increases very rapidly 
during transport to the centres of consumption, as also during stor- 
&gd» ^'9' ^ milkshops. A number of estimations háve been made 
in this connection, a few of which, by Freudbnrbioh (II.), are 
subjoined. In these, the iníluence of the length of storage in 
conjunction with the prevailing temperature is taken into account 

Number of Oerms per c.c. : 

On arriyal in the laboratory (two and a half hours after milking), 9300. 



During 


15- 


Stored at 




as' 


35* C. 


3 hours 

9 » 
24 „ 


.... 
.... 
.... 
.... 


10,000 

25,000 

46,500 

5,700,000 


18,000 

172,000 

1,000,000 

577,500,000 


1 

30,000 
12,000,000 
35,280,000 

, 50,000,000 



A milk with an initial germ-content of 9300 will be reckoned 
poor in bacteria when it is known that J. v. Geuns (I.) found 2.5 
million bacteria per c.c in fresh samples of Amsterdam milk. The 
reproduction can be moderated, but not arrested, by cold, because, 
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M we bare aeen in J 6i, mďk contains alao aundry species of 
baeteiia cspable of derelopment at o* C. Theref ore if it be desired 
to prevent the decompositions set up by these organisms, it wiU 
be absoltiteljr necessary to kill the genns. 

8 122.— The Part Played by Hilk as a Carrier of 

Infeetious Dlseaaes. 

The aforesaid reqairement is really imperative in TÍe\T of the 
fáct tbat diseased cows — which the ownera often fail (or refuse) 
to recognise as such — yield milk containing pathogenic bacteris;. 
And this applies particolarly to tubercnlosis, from which complaint 
(on a moderate computation) one cow ont of every five in Germany 
saflers. As reported by J. Ch. Bat (I.), on the authority of a 
compilation made by the Danish pathologist R Bang (to whom 
is dne the hononr of clearing up this question), out of 132,294 
head of cattle examined in the Copenhagen slanghter-house be- 
tween 1891 and 1893, no less than 23,305 (some 17.7 per cent.) 
were recognised as tuberculous by macroscopic examination alone. 
According to the researches of Ďr. Martin, reported by R Cnopf 
(I.), one out of every thirteen samples of milk exposed for sále 
in Paris contains tubercle bacilli, and from the results obtained 
by Dr. Schroeder in Washington, at least one in every nineteen 
samples of milk sold in that city contains a sufficient number of 
tubercle bacilli to produce infection. For the microscopic in- 
vestigation of the (specifícally heavy) tubercle bacilli in milk, 
the sample, previously prepared by skiroming and clarífying, is 
separated, by centrifugal force, in strong test-tubes, for which 

řurpose speciál processes háve been designed by Thórner (I.) and 
LKEWiTSCH (I.). K. Obbrmúller (I.) examined Berlin market 
milk in this way, and recognised it as infected with tubercle 
bacilli in a high degree. In this connection it should be re- 
marked that, according to determinations made in 1896 by A. 
BuLLiNO (L), goats are also liable to this disease, and theref ore 
cannot be considered as immune. 

The extent of the danger attendant on the consumption of 
unboiled milk is not sufficiently illustrated by the foregoing 
particulars, which are only concemed with the possibility of 
infection by such bacteria as are pathogenic for men and animals, 
ť.e. tuberculosis, anthrax, and so on. Milk is, however, also a 
frequent carrier of typhus bacilli, which fission fungi (almost ex- 
clusively pathogenic for the human subject alone) íind their way 
into the milk, either directly from diseased milkers or milk-dealers, 
or from the milk vessels being swilled out with water containing 
these microbes. Farmyard wells are frequently very close to 
dunghills, cesspools, and closets, and if typhus breaks out on such 
fann9, then the well- water very soon becomes impregnated with 
typhus bacilli by means of foecal matter. Proofs of this exÍ8t by 
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the dozen. The first relíable observation on this subject was made 
by Ballard in 1870, when an epidemie of typhus broke out in 
Islington, 67 houses and 167 patients being infected. A careful 
investigation of all the cases led to ite being traced to a farm- 
house from whence the milk supplied to the infected families was 
derived, and there the doset cesspool was found to communicate 
(through rat-holes) with the well, the water from which was also 
ušed for cleansing the milk-pails. To this íirst instance two others 
of recent dáte may be added. One of them was investigated by 
Paul Schmidt (I.), and arouses interest because it treats of the 
inmates of a prison, where communication with the outer world 
is much easier to trace. In two prisons in Strassburg (Alsace), 
where typhus had not recurred since the Franco-German war, it 
broke out again in 1890, and that, too, among a section of the 
inmates who had partaken of milk derived from a neighbouríng 
village where the disease was rife. The epidemie died out when 
the supply of milk from this source was prohibited. A second 
equally convincing instance was observed by Rbigh (I.) in 1892. 
RowLAND (I.) found living typhus bacilli in an Indián milk-comes- 
tible (known as " Dahi "). — The so-called explosive occurrence of 
this rapidly extending pestilence in a healthy neighbourhood is 
thus explained by the fact of its germs gaining access to the systém 
with the food. Finally, milk is also a carrier of certain diseases 
that are recognised as infectious, but whose exciting agent has not 
yet been discovered, e,g, scarlet fever — a čase of which is recorded 
by W. H. Power (L) — and foot-and-mouth disease. 

§ 123.— Boiling Milk. 

The particulars given sufficiently evidence the necessity for 
killing the germs present in milk. Experience teaches that a 
short boiling suffices to destroy the pathogenic organisms, the 
tubercle bacilli being — according to the researches of J. Forstbr 
and C. De Man (L), and of Bonhofp (I.) — killed by the action of 
a temperature of 

So** G. in 5 miniites. 

90** C. „ 2 

95* C. „ I minnte. 



55" C. in 4 hoars. 
60" C. „ I hour. 
65'' C. ,, 15 minates. 
70" C. „ 10 „ 



The cholera bacteria and typhus bacilli are, as proved by 
Geuns (II.), capable of still less resistance, and are therefore 
killed much more qiiickly than the tubercle bacilli by a treatment 
expressed by the above figures. Only a single pathogenic species 
can withstand the short boiling to which milk is ordinarily sub- 
jected in domestic management, and this is the anthrax bacillus 
(spores). The danger incurred on this account is, however, slight, 
since this microbe only forms spores in presence of oxygen, and 
therefore not within (the arterial circulatory systém of) the animal 
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body. Even in the wont čase, theref oře, only the vegetative fonnf 
(easily destroyed by boiling) of this microbe can find their «ay into 
the milk ízDm the body of the cow ; and, on the other band, tbe 
introduction of these germs from extemal sources ia hardly to be 
feared. Accoiding to tbe researches of O. Caro (I.), the vimlenee 
of spore-free forma of growth of Bacillus anthracis in milk diaap- 
pears within twenty-four houn at a temperature of 15* C, a 
circumatance attríbutable to the injurious influence of the lactie 
acid gradnally formed in that liquid. The sporea, howeyer, com- 
pletely retain their vitality under these conditions. 

Among the bacteria present in unboiled milk, the species indue- 
ing lactie fermentation are nevěr lacking, and it is to these that 
the souring of milk is due. The fact that they are destroyed by 
boiling explains why boiled milk will keep, without alteration, 
a much longer time than is the čase with unboiled milk. In 
addition to the species already mentioned there ia present a thiid 
group of Sehizomyeetes forming spores very tenacious of life, which 
withstand boiling, and germinate when the milk is kept at a mode- 
rately warm temperature. The resulting rods having, by the process 
of boiling, been freed from the presence of sundry inconvenient 
associates of other species, then develop and increase rapidly, 
setting up a brisk fermentation whereby a large volume of gaa 
is liberated. The importance and extent of this fact first becomea 
clear in the čase of suckling infants. 

§ 124.— The Soxhlet Bottle. 

With the continual extension of enervation the number of 
mothers unable or unwilling to suckle their infants increases from 
year to year. How far the natural nourishment thus withheld is 
superior, in point of chemical composition, in the various periods of 
lactation to any artifícial medley cannot be expounded bere. From 
the bacteriological standpoint it may be regarded as almost perfect. 
If the mother be healthy in body, then the milk absorbed by the 
child at the breast is, according to tlie researches of T. Kingbl (I.) 
and others, almost entirely free from bacteria of any kind. The 
expression " almost free " is ušed advisedly, since the milk gene- 
rally contains a small number, originating in the air and making 
their way into the lacteal ducts of the mammary glands, where 
they increase. The necessary hygienic treatment of this organ 
by the young mother will greatly contribute to the child receiving 
the best nourishment both bacteriologically and otherwise. To 
retům, however, to these other matrons who bring up their infanta 
on the bottle, filled with boiled and sufficiently cooled milk. The 
stomach of the young child being sniall, whereas the amount of 
materiál required for the growing body is large, the infant requires 
frequent supplies of small quantities of nourishment. Generally, 
for the saké of convenience, a sufficient quantity of milk for the 
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whole day Í8 boiled at once, portions of this being taken f rom time 
to time as required. Through ignorance on the part of the mother, 
or by the carelessness of the nune, it often happena that this food 
Í8 supplied to the infant in a partially decomposed condition. A 
partícular fault, frequently committed, is that the bottle, which 
has been lying for two or three hours in the warm nursery, is 
refíUed from the vessel containing the bulk, without the residual 
milk from the preceding meal having been removed. That such 
carelessness (frequent though as constisíntly denied) must conduce to 
digestive disorders requires no further demonstration, the high rate 
X){ infant mortality from intestinal catarrh being sufficient evidence. 
For this reason it has been attempted to render milk stable 
by boiling it in small bottles, holding just sufficient for a meal, 
and closing the samé with a stopper (impervious to bacteria), which 
is removed only just before use. This is the fundamental idea of 
the so-called Soďlet method of Bterilisiiig milk, in which several 
bottles are inserted in a movable frame and immersed in a tín pan 
containing water, which is thereupon kept on the boil for fořty 
minutes. Soxblbt (L) employs latterly, as automatic stopper, an 
indiarubber disc resting on the ground mouth of the bottle, and 
prevented, by means of a loose-fítting tube, from becoming displaced 
laterally. The gases and steam given off from the milk in boiling 
escape into the air by forcing up the disc, and when the operation 
is fínished and the apparatus is removed from the fíre, this clack- 
valve is kept tight by the pressure of the outside air, the partial 
vacuum within the bottles being generally equivalent to 100 m^m. 
of mercury. This stopper not only prerents access of air, but also 
debars dealers or purchasers from opening the bottle with fraodu- 
lent intent, since it cannot be closed again. This ensures the 
purchasing public receiving the milk in the samé unadulterated 
condition in which it left the dairy. Similar to Soxhleťs method 
are those of Egli and Escherich, a short descríptíon of which (as 
also of thoee of Soltmann, Bertling, Gerber, and Stadtler) will be 
found in a comparative breatise by Emma Strub (L). 

§ 125.— Germ-Content of llilk Treated by the Soxhlet 

■ethod. 

The foregoing method woold meet all reqoirements were the 
destraction of the pathogenic and the lactíc aod bactería ahrme in 
question. Howerer, as bas previoasly been mentíonedy milk also 
contains Terj hazdy bacterial spores, Me to withstand soch a 
conise of boiling as lhal specífied. The nnmber of aneb spori» 
Taríes, and is greater in piaportion as the degree of nneleanlin^aa 
in the attendanee on thie eows and in the operátům of milkin^ 
incicaiee. These milk bactería (whieh reaíst the ordinary means 
of sterilÍHlíoo) weie ínTcstí^íUed with regzid to theír propettíeA 
and actioit hf C. Futoom (IL). A few of tbem aia Terj wvitlj 



«o6 THE PBESERVATION OF MILK. 

diffused, but they do not develop below i8* C. Milk sterilifled 
by mere boiling rnay therefore be rich in such bacteria and yet 
keep unaltered for a long time at room temperature, though, if 
introduccd into the alimentary canal of the young infant, the 
haidy spores develop into rapidly-multiplying bacilli which decom- 
pose the constituents of the milk. In such čase, not only are 
copious amounts of gas, giviiig rise to considerable flatulency, 
formed, but also poisonous decomposition products of albuminoid 
matter, which when fed to puppies produce diarrhoea attended 
>vith fatal results. 

The danger incurred from this cause is much greater for the 
nursing infant than for the adult, not only because the latter 
organism is stronger, but also for the further reason that the 
dietary of adults is a mixed one, in consequence whereof numerous 
other bacteria, inimical to those in question, are introduced into 
the alimentary canaL On the other hand, the result of using 
such imperfectly and partially sterilised milk is that the digestive 
organs of the infant, nourished on milk alone, are converted into 
a veritable breeding-ground for these poisonous microbes. 

These' bacteria are dosely allied to the Dacillus mesentericus 
vulgatus, FlUgge himself described a number of such species; 
and S. Sterlino (I.), added fíve new ones to the series, naming 
them — with reference to their chemical activity — as Bacillus lactu 
peptonana a, /), y, 8, c. Attention was drawn at an earlier dáte, 
by LoEFFLER (IIL) and Emma Struh, to the frequent occurrence 
of B. mesenterieua viUgaiuB in milk. 

Attempts háve not been lacking on the part of dairy techni- 
cists and bacteriologists to arrive at a method for annihilating 
these pests as well. A critical examination of these methods 
cannot, however, be made here, but any reader desiring fuller 
details is referred to a comprehensive exposition of the question 
compiled by H. Weiqmann (II.). At present, merely a single 
example will be given, námely : 

§ 126.— The Method of Neuhauss, Gronwald, and 

Oehlmann, 

which was tested by Petři and Maassen (II.). We háve already, 
in a previous section, demoustrated that it is not easy to render 
milk sterile in the strict meaning of the word. The high and 
long-continued heatiiig necessary thereto is sufficient to alter the 
chemical constitution of the milk in such a manner that it becomes 
almost unsuitable for nutrition. The lactose, as P. Cazeneuvb 
and Haddon (I.) have shown, decomposes into dark brown físsion 
products (containing formic acid), with an empyreumatic flavour ; 
the fat loses its emulsiíied condition and separates out as creani, 
which cannot be made to diffuse again even by shaking ; and the 
albuminoids are converted into a form very difficult of digestion. 



THE METHOD OF NEUHAUSS, ETC. 207 

Xeuhaoss, Gronwald, and Oehlmann, calling to mind the in- 
formation afforded bj lbe fractional method of sterílisation, aought 
to induce the hardy spores to germinate, in order that the end in 
view might th^i be attained bj moderate meana. Witb tbis 
object tbe milk ia placed in bottles witb loooe-fittíng atoppeis, 
wbicb are tben put into a speciallj constructed čase, wbere tbej 
are sunoonded by steam and allowed to lemain for balí -an-bour 
at a tempeiatore of 80*^95 ** C. Tbis so-called preliminary steríli- 
sation is once repeated, witb tbe restdt tbat tbe patbogenic and 
tbe lactic acid bacteria are destroyed, and tbe milk is tben left to 
oool gradually, wbereby it passes tbrougb tbe degrees of temperar 
ture favourable to tbe gennination of tbe suryiying bardy sporea 
Ou tbe following day tbe samples are subjected (in tbe samé batb) 
to tbe 80-called cbief sterilisation at 102" C, and wben tbis is 
finisbedy tbe stoppers of tbe bottles are immediately and simul- 
taneously tigbtened up by means of an arrangement manipulated 
from tbe outside. Tbe instructions given to adbere to a tempera- 
ture of 102** C. prove tbat tbe germination of tbe spores is nót 
numerícally complete, since, if tbis were tbe čase, a maximum of 
100* C. would suffice for tbe cbief sterilisation, all tbe vegetative 
forms quickly perisbing at tbis temperature. If, bowever, spores 
be still present at tbe commencement of tbe cbief sterílising 
process, tíie probability is by no means small tbat tbey will abo 
be able to witbstand tbe sbort exposure to 102* C, and it may be 
anticipated tbat even tbis metbod will not always accomplisb its 
object As a matter of fact, reports are not wanting — eg. tbat of 
M. Bleisch (L) — to tbe effect tbat milk samples assumed to bavě 
been sterilised by tbe metbod in question bavě been subsequently 
discovered to be in a statě of decomposition ; wbilst Fliigge was 
imable to confírm tbe favourable reports given by Petrí and 
Maassen, and Pictet and Wetl (I.). 

In sbort, tbere is at tbe present time no practicable and 
certaiu method for freeing milk (on a large scale) from germs 
witbout at tbe samé time seríously prejudicing its flavour and 
nutritive value. Since, tben, tbe annibiJation of the hardy germs 
in tbis čase is so difficult, attention is now directed to tbeir ex- 
clusion from the milk ; the greatest care is therefore taken — by 
washing tbe udder, hands, and milk vessels — to secure extréme 
cleanliness in tbe preparation of "nursery milk" intended for 
infant consumption. The so-called sterilisation tben becomes a 
much easier task, the milk, drawn witb such precaution from the 
cow, being very poor in the above-mentioned gas-forming bactería. 
As a ready means of detecting the presence of these organisms will 
often be usef ul to the scientific adviser of a Dairy Association, the 
fermentation flaaks descríbed by F. Schaffer (I.), Th. Smith (I. 
and II.), and others, are therefore recommended for the regular 
examination of the milk supplied by the individual farmers as 
regards its content of the pests under consideration. 
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g 127.— The Content of Pathogenic Germs in Various 
Dairy Products. 

A few wotda muat he Jevoted tt> the (lescription of the treat^ 
ment uf eklin-iullk iu the factories of Dairy Associatioas. Aa is 
well known, & l&vfíň portioa of the fiesh milk aent to the datry is 
not sold aa such, but ia employed for butter-making. The skim- 
milk fonned in large quantitiea during this process ie, ia many 
instoiíces, partly sold per se, and partlj worked up into semi-fat 
and skim-cheese, niilk-bread, and the like, Iu other cases, tha 
contracts made with the members of the association stipulate that 
each shall háve returned to him, for feeding purposes, a quanCity 
of skim-milk proportional to his deliveries of new. Now, since ia 
these large dairíes the cream ia removed from the milk ísy meana 
of the centrifugal niachine, it follows that the milk from al! sources 
becomes intimately mixed up togcther, and consequently if any 
one parcel of the milk is contaminated, tlie lekole of the sluni-milk 
will become infected thereby. Iu thia manner aa epidemie liitherto 
confined to a single form may, by means of the returned skim- 
milk, be rapidly disseminated to all the other cowkeepers. This 
has actuídly been frequently proved in reapect of the foot-and- 
mouth diaeaae. In this eonnection there is aa increase in the 
nuniber of siipporters of legialative action in favour of a compulaory 
keating of tbe skim-milk returned by dairies to the farmers. Aa 
reported by P. Vieth (L), a llinísterial ordinance has been in 
force in Prussia siuce 1894, prescribing that the skim-milk from 
cows sufTering from infectioua diseases shall be either kept at a 
temperature of 90° C. for at leasC a quarter of au hour, or be heated 
up to 100° C. before beiug allowed to leave the dairy. 

It is iniperatively necessary that the cieam deatined for butter- 
making should be freed from pathogenic germs. According to the 
concordant reaults of the reaearches of L. Heih (IV.), G. Gas- 
PEBiKi (II.), and O. RoTH (I.), tbe active organisnia of cholera, 
typhus, and tuberculoais preaent in the butter long retain tbeir 
vitality and power. Now, a large proportion of the butter made 
is consumed in a raw statě in the form of bread and butter and 
tbe like, and if it haa been derived from milk or cream infected 
with pathogenic bacteria, its conaumption ia attended with great 
danger. Cunsequently a reliable preliminary treatment of the 
cream to ensure the removal of these geniis is in the higheat 
degree desirable. That thia can be practically accompllahed will 
be ahown in Chapter .\xiii., which treats of the artificial aouring 
of cream. 

The aame requisition shotild also be imposed in tbe caae of 
milk designed for cheese-making, but at preaent tbis can hardly 
be effecte.d, becaiise the treatment required for killing the patho- 
genic germs lessens the suitability of the milk for the purpose in 
view, and also modifies the flora of the milk to auch au extent as 
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to unfavoarably influence the rípening process of the cheese pre- 
pared therefrom. In fact, until we are in a position to introduce 
and carry on this process to its completion in a reliable manner 
by artilicially added ferments, the above-named requirement must 
necessarily remain unfulfilled. Fortunately the acid produced by 
the rípening process forms an effective antidote, which checks the 
development of the pathogenic organisms. H. Weiomann and 
G. ZiRK (I.) proved that BacUltus (vihrio) cholercB asiaticcB perished 
within twenty-four hours when artifícially inoculated on cheese. 

As will be gathered from the prečeding observations, the 
sterilising of milk samples destined for the cultivation of organisms 
in the laboratory is a very troublesome operation, since this necešsi- 
tates an ábaolnte freedom from germs. In oider to obtain this 
result, the samples are exposed for ten to fifteen minu tes to steam 
under pressure, at a temperature of 120** C. The decompositions 
bere by induced háve no injurious effect in some cases ; nevertheless 
when delicate organisms are to be cultivated that would not thrive 
in milk thus altered, a method of mixed sterilisation must be 
practised. A little ether or chloroform is added to the scťmple, 
allowed to react for a short time, after being thoroughly shaken 
up, and, at the end of two or three days, disinfection is effected 
by placing the sample for twenty to thirty mínutes in the steamer 
(at 100° C). The statement, often met with in books, that 
milk may be sterilised by exposure to the action of a current 
of steam at loo** C. for twenty to thirtv minutes on three succes- 
sive days, is (according to the author's experience) deceptive. If 
such "sterilised" milk be placed in the incubator, an effluvial 
decomposition, with copious development of potato bacillí and the 
like, will be noticeable in nine cases out of ten. 

A number of bacterium poisons — the suitability of which has 
been made the subject of comparative investigation by J. Neu- 
mann (I.) and M. Kúhn (I.) — háve been proposed for preserving 
milk that is to be sent to a laboratory for the purpose of having 
its fat content ascertained. The potassium permanganate, formerly 
recommended, behaved badly imder the ordeal, whereas, on the 
other hand, potassinm bichromate (for the use of which for the 
purpose in question Alen has taken out a patent) proved reliable 
in cases where it was a matter of preserving milk that was still 
sweet. The sample is treated with an admixture of 0.5 gram 
of pulverised KjCrgOy (or with 5 c.c. of a 10 per cent. solution of 
this salt) per litre, the dilution produced in the latter čase exer- 
cising no appreciable influence on the accuracy of the fat deter- 
mination. If the milk at the moment the sample is drawn is 
already soinewhat sour, then an addition of ammonia — 3 c.c of a 
27 per cent. solution of ammonia per litre of milk — will be 
preferable. 

Kot infrequently milk intended for sále is qualifíed with sub- 
stances acting as poisons towards bactería, with the idea of 
VOL. I. o 
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This so-called ''condensed milk" — as manufactured in parti- 
cular by the ** Anglo-Swiss Condensed Milk Company" in their 
chief factory at Chám, on Lake Zug, and in a number of branch 
establishments outside Switzerland — is prepared in the following 
manner : — ^The fresh new milk Í8 puriíied by centrif ugal force, and 
Í8 then heated on a water-bath until nearly boiling, and mixed (in 
a wooden vat fítted with a steam coil) with 12 per cent. of cane- 
8Ugar. When this is dissolved the liquid is passed through a fíne 
sieve and transferred to a vacuum pan, where the thickening piocess 
is elfected at a temperatnre of 5o*'-6o° C. As soon as the requisite 
degree of consistency is attained the milk is run off, rapidly cooled, 
and packed in clean tins, which are soldered air-tight Commercial 
condensed milk contains about 25 per cent. of water and 50 per 
cent. of sugar, the remainder consisting of albumin (12 per cent.), 
fat (11 per cent.), and ash (2 per cent.). 

Some of the germs present in the new milk, especially the 
lactic acid bacteria, are already killed by the aforesaid heating 
before and during the thickening process. A few, however, sur- 
vive this« and are found to be still alive in the fínished product^ 
but not in a condition to do any damage, since the high concen- 
tration plasínolyses the germs, retardiug their development and so 
preventing decomposition. By reason of its high content of sugar, 
however, this condensed milk is unsuitable for the nourishment of 
infants. 



CHAPTER XX. 

THE PRESBRVATION OF MEAT, EGGS, VBGETABLES^ 

AND FRUIT. 

§ 129.— Storage in Cold Chambers. 

It has heen established by the researches of Meissnbr and Rosbn- 
BAOH (L), G. Hauser (IIL), F. Zahn (L), J. von Fodor (I.), and 
others, that the blood and flesh of healthy animals are entirely 
free from fungi. On the other hand, the contents of the digestive 
organs are exceedingly rich in Schizomycetes, higher fungi not being 
absent, though their number Í8 quite subordinate to that of the 
former organisme. As was shown by D. Popopp (I.), the digestive 
canal of the healthy new-born animal is, at the moment of birth, 
free from bactería. These, however, subsequently obtain access, 
principally in the food, and the contents of the bowels become 
extremely rich in microbes. According to the researches of Nenoki 
and Frey (I.), such species as decompose the carbohydrates predo- 
minate in the small intestine in man, whereas in the large intestine 
the microbes productive of albuminoid putrefaction exert tbeir sway. 
If, now, the carcase of a slaughtered animal be left without 
being disembowelled, these saprophytes will make their way 
through the capillary vessels of the intestinal villi into the arteries, 
the alkaline contents of which (rich in albumin), are unusually 
favourable for the development of these acid-shy putrefactive 
bacteria, so that the entíre carcase quickly begins to under.;o de- 
composition. This can be prevented by the excision of the entire 
length of the alimentary canal from cesophagus to rectum inclusive, 
and if this long-known and practised precaution he adopted, then 
the remaining flesh, tkc, will be perfectly free from fungi. If 
putrefaction subsequently arises, it is due to the bacteria from 
external sources (air, supports, butchers' hands, &c.) obtaining 
access to and settling in the flesh. Their gradual penetration by 
way of the blood-vessels into the interior of the flesh was studied 
by S. Trombetta (I.) and by Gártner. The latter found them 
only in the external layers in the čase of meat three days old, but, 
at the end of another seven days, they had penetrated to a depth 
of 2 cm. below the surface. Since the sources of this bacterial 
infection cannot be entirely shut off, though they may be con- 
siderably reduced by cleanly proceduře, attempts are made ta 
prevent the increase of these parasites in the flesh. 
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The oldest known remedy is cold, but in order to realise ex- 
pectatíons, the temperature must be kept several degrees below 
zero (C), and this Í8 the method pursued in the large (export) 
abattoirs in America (Chicago in particular) and Australia. Im- 
mediately a beast is killed and disembowelled, the carcase Í8 placed 
in a refrigerating chamber and then transported in cooled railway 
trucks, and cold chambers on ship-board, to its destination in a 
frozen statě. Thus, for instance, there appear daily in the London 
market hundreds oíf carcases of Australian sheep still frozen hard. 
In a similar nianner Central Europe has been for several years 
supplied with haddocks prepared for shipment in the north of 
Norway (Vardó) by being frozen at -40* R. (-50* C.) directly 
they are caught and cleaned, and being then shipped in this con- 
dition in specially built steamers. The freezing of meat does not 
kill the germs present, but merely hinders their reproduction, and, 
as a matter of fact, A. Koch (III.) found very many bacteria in 
físh that had been treated in this way. 

If the meat be not stored at low temperatures, but merely put 
in the ice-chest or laid on ice, whereby it attains, in the most 
favourable instances, a temperature of o" C, then, as follows from 
the already reported labours of Forster and others, an increase of 
the initial uumber of germs ensues. To the activity of such cold- 
supporting organisms is attributable the peculiar, disagreeable taste 
and smell acquired by edibles after remaining in the ice-chest for 
a few days. Actual putrefaction is not, however, produced by 
these bacteria. 

We must not lose the present opportunity of issuing a warning 
against bringing food-stuffs in immediate contact with natund 
ice, since this substance contains not only numerous putrefactive 
bacteria, but also, under certain circumstances, pathogenic germs 
(especially typhus bacilli) as well. In this connection we may 
refer to the researches into the bacterium content of ice that háve 
been made by C. Frabnrbl (V.), Bordoni-Ufpreduzzi (II.), F. 
Prddden (I.), and A* Hbyroth (L). In the cooling chambers of 
large abattoirs — of the arrangement of which there is an excellent 
description in a work by Osthoff (I.) — the meat is not exposed to 
this source of infection. 

The well-known fact that frozen meat^ when thawed, undergoes 
decomposition more rapidly than fresh meat is easily explained. 
The cellular structure is loosened by freezing, and access to the 
interior is thereby facilitated for any organisms present on the 
surface. 

§ 130.— Dried Meat and Salted Meat. 

The development and activity of the organisms exciting de- 
composition can also be prevented by depriving them of the water 
necessary for metabolism. The dryiiag of meat has been practised, 
particularly in hot countries, from the earliest times. The result- 



»t4 THE PRE8ERVATI0N OF MEAT, KTC. 

ing conaerve is known in South America under ihe names of 
pttDiinieaii, eharqne, and tassajo. The process is as simple as it 
is reliable, and has a great future in prospect, especially for the 
provisioning of armies in the íield. In the method of treatment 
nitberto practised, the meat duríng dr}'ing snffers a great depre- 
dation in flavour, but in recent years Hofmann and Meinert háve 
devised and patented a process for the artificial drying of meat 
without removing or destrojing its ílavouring matters. By thia 
ptocess a Břemen fírm manufactures a meat meal met with in 
commerce under the name of Came pufxi. 

Under the samé name inferior meat meals only fit for cattle 
food are shipped to Europe from Argentina ; these are prepared 
from waste materials and require some care in handling. The 
drying of flesh does not, of course, result in the killing of all the 
bacteria present therein, and if the flesh of cattle sufiering from 
epidemie diseases has been employed, then, under the defective 
conditions of live stock inápection in South America, disease germs 
will be disseminated by means of such infectcd focd. A čase of 
this kind has been reported by R. Burri (L). 

The most important example of dried flesh is affordeil by the 
dried cod-físh (stock-físh), which forms the chief article of ex- 
port from the Scandinavian peninsula. It contains, in the dry 
statě, nearly 80 per cent. of albumin, and constitutes a favourite 
and cheap article of food among the poorer classes in Central 
Europe. 

The salting and pickling of meat is generally creditcd with 
great cfficacy, but a closer examination reveals that it is really 
only the hygroscopicity of the salt that comes into play and that 
the sole power the latter possesses is that of setting up plasmolysia 
in the germs present in, or subsequently conveyed to, the flesh, 
and so preventing their reproduction. Consequently the germs, 
especially those of a pathogenic nature, cannot be completely killed 
by these processes. C. J. Db Frbytao (L) has proved that the 
influence of concentrated solutions of common salt is resisted by 
tubercule bacilli for three months; by typhus bacilli for six 
months ; and by the bacilli of swine erysipelas for two months, 
the organisms remaining alive and virulent during these periods. 
F. PsitCH (I.) examined the effect of salting on the flesh of animals 
succumbing to anthrax, and found that a ham from such an animal, 
after lying in salt water for fourteen days, still contained virulent 
anthrax bacilli, as was proved by direct experiment on animals 
with the expressed juices of the meat Petři (II.) showed that 
virulent ^^roihlauf" (erysipelas) bacilli were still present in the 
pickled flesh from swine afíected with swine erysipelas, after six 
months' immersion in brine. 

If the inspection of meat is carried out with even only a mode- 
rate amount of care, it will not be easy for animals suffering from 
anthrax to be slaughtered for food ; so that there is not much 
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danger to be dreaded from that source. The čase is, howevet, 
different as far as animals affected wíth tuberculosis or swine 
erysipelas are concemed. 

In a former paragraph the prevalence of tubercular affections 
among cattle was mentioned, and this should be sufficient to deter 
the reader from indulging in uncooked beef, whether in the form 
of " heef steak cí la tartare '* or uncooked pickled beef. It is well 
known that the flesh of swine that háve been compulsorily 
slaughtered on account of swine erysipelas is offered for sále; 
hence it naturally follows that many kinds of ("frur^ť") sausages 
that are made from raw flesh, and eaten in an uncooked statě, will 
contain pathogenic germs. 

§ 131.— Smoked Meats and Corned Beef. 

Smoking forms a more rehable means of preserving meat from 
putrefaction, the reál active agents in the process being the 
vapours of phenol, creosote, and allied compounds present in the 
smoke. Beechwood being found to yield the smoke containing 
the largest quantities of these substances, is therefore held in 
particular esteem for this purpose. The volatile distillation pro- 
ducts of heated wood chips are condensed on the pieces of flesh, 
and arrest the development of the bacteria. Since, however — 
as A. Serafini and G. Ungaro (I.) háve shown — these anti- 
septics do not penetrate far into the flesh, and are therefore 
nnable to exert much action in the interior of the pieces, smoking 
can only be eífectual when it is a question of preserving fresh 
meat (from healthy animals) which is only superficially infested 
with germs. The manner in which the process is carried out in 
practice very often leaves much to be desired ; and thus it is — 
as shown by the exhaustive researches of H. Beu (I.) and A. 
Serafini (I.) — that the germ-content of commercial smoked meatv 
varies considerably. The salting which precedes smoking, though 
of such little efficacy in itself, is nevertheless useful, and forms an 
essential part of the process, by withdrawing water from the meat, 
and thus facilitating the penetration of the smoke. The certain 
destruction of pathogenic germs is not effected by smoking, Petři 
having found that the flesh of swine aflected with swine erysipelas 
contained erysipelas bacilli in a statě of undiminished vigour, after 
immersion for a month in brine, followed by careful smoking for 
fourteen days. A similar unfavourable resnlt was obtained by 
J. FoRSTBR (III.) in the čase of smoked meat from tuberculous 
animals. 

The best method at present available for the preservation of 
meat consists in steaming the samé in vessels which remain her- 
metically closed up to the time the meat is eaten. Such a food is 
known as preserred meat (in the restrícted sense), or as tinned 
meat, the quality most in demand being corned beef (chiefly 
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obtained from Chicago). This ahould consist of the flesh of oxen, 
but, nevertheless, occasionally oríginates at the horse-slaughtereťo. 
As already explained in a former chapter, we are indebted to the 
French confectioner Appert (I.) for the fundamental practical 
experíments roade in connection with preservation by steaming. 
In accordance with his process, the meat is boiled in any con- 
venient vessel, and pressed into tins. These are then closed, with 
the exception of a small apertuře, and placed in a bath of boiling 
water, the apertuře being closed by means of a little liquid solder, 
after steam has been gíven off for a short time. Apperťs suc- 
cessors subjected his process to numerous modifications, Fastier 
proposíng to heat the tins up to iio° C. in a bath of salt^ and 
others recommending additions of boracic acid, &c. Up to the 
present, no known antiseptic possesses the duál property of, on 
the one hand, preserving ílesh without depriving it of valuable 
nutritive constituents or flavouring matters, and, on the other, of 
having no injurious effect on health when the meat is eaten 
regularly. 

Inventors háve been, and are still, particularly active in tliis 
íield, there being already, in 1893, no less than 664 different 
processes for preserving meat. To report exhaustively on these 
would, however, far exceed the limits of the present work ; any 
reader wishing to be more accurately informed on this subject is 
referred to a comprehensive treatise compiled by Plagob and Trapp 
(I.). Instructions intended for practical use in the preservation of 
meat, fruits, vegetables, &c., háve been given by L. K Anclés (I.) 
and J. Db Brbvans (I.). 

§ 132.— Preservingr EgrfiTS. 

The contents of the freshly-laid eggs of birds, especinlly of 
poultry, are not in ail cases perfectly free from fungi. In refuta- 
tion of a widespread assumption to the contrary, it was shown by 
U. Gayon (II.) in 1875, and confirmed by O. E. R. Zimmeriiann 
(I.) in 1878, that the eggs, even of healthy birds, are exposé J, 
even during the time of their formation, to infection by bacteria. 
These organisms, starting from the common aual duet of the bird, 
make their way into the ovary, where they becoine mixed with 
the albumin of the embryo egg, and reproduce themselves therein 
when the nutrient medium permits. The new-laid egg is there- 
fore already inhabited by bacteria, a circumstance that must be 
bome in mind when it is desiied to utilise raw eggs for the 
cultivation of bacteria, according to the proposal made by F. 
HUEPPE (V.). 

The obnoxious decomposition not infrequently set up in eggs 
is generally attributable to the development of these early in- 
truders. Their pure cultivation was first attempted by J. Schrank 
(I.), and then on a larger scale by C. ZOrkendOrfrr (L), according 
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to whom the so-called spoutaneous stinking putrefaction of eggs 
goes on in two ways. 

The firét type is characterised by the albumin (white) changing 
colour through whitish-grey to grey-green, and by the yolk becom- 
ing gradually converted into a greasy, blackish-grey mass. At a 
subsequent stage the yolk becomes mixed up with the albumin, so 
that the entire contents of the egg form a pulpy ichor, smelling 
strongly of sulphuretted hydrogen, which gas is not infrequently 
produced in such quantity that the shell of the egg bursts with 
a report. Of the organisms taking part herein, Zorkendorfer 
isolated ten species, and distinguished them as Bacil lus oogenea 
hydro9ulfareti8 a, ^, y, 8, c, f, 7;, 3, i, k, the first six of which 
liquefy gelatin. 

In the second type of (bacterial) egg-putrefaction this gas is 
not detected. Here the yolk and the albumin quickly coalesce 
to form an initially thin, but subsequently pulpy, mass of a 
pale ochreous-yellow colour, and with an odour like that of human 
fseces. Zorkendorfer described fíve species of organisms causing 
this decomposition, and bestowed on them the name of Bacillus 
oogenes fluorescens a, ^, y, 5, c. The first of these liquefies 
gelatin, and they all elaboráte a pale green pigment which imparts 
a beautiful blue fluorescence to the medium. 

All these bacteria are exclusively aerobic, i,e, oxygen is essen- 
tially necessary to their development. This needful gas obtains 
access from outside, by passing through the eggshell, which is 
well known to be permeable thereto, since otherwise the develop- 
ment of the embryo chicken could not proceed. This necessity 
for air on the part of the egg-putrefying Scliizomycetes supplies the 
explanation of the practice currently employed for preserving 
eggs, viz., by simply immersing them in milk of lime, which not 
only excludes air, but also — by its disinfectant properties — acts on 
the organisms present on the eggshell and ready to penetrate 
into the ÍDterior, killing some and restricting the development of 
others. 

The aforesaid bacteria perish within the space of two days 
when exposed lo temperatures above 40** C, but at lower tempera- 
tures and in damp air they develop rapidly. Bearing these facts 
in mind, eggs coidd be preserved by keeping them for one or two 
days at 50** C. and then storing them in a dry pláce, were it not 
that the quality is thereby depreciated. If, then, steeping in milk 
of lime is not determined upon, the eggs can be preserved by 
coating them with lacquer or vamish after a careful cleaning. 

That bacteria penetrate through the unbroken eggshell has — 
contrary to an opposite opinion expressed by Gayon — been 
placed beyond doubt by the exhaustive researches of Zorkendorfer. 
WiLM (I.) showed that pathogenic bacteria are also capable of so 
doing, cholera baciUi being found, in his experiments, to pene- 
trate to the interior of the egg within fifteen to sixteen hours. 
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PioRKOWSKT (I.) arrived at a similar conclusion with regard to 
typhus bacilli. On this account none but clean chaff, íree ftom 
pathogenio organisms, should be ušed for packing eggs. 

Bactería are not to blame in all cases wliere effgs liecome 
spoiled during storage, but Bometimes higher fuugi {Eumyceteš) 
come into play, penetrating the sliell and growing freely in the 
interior. Further particulars on this point will be found in the 
second volume, in the chapter dealing with Hormodendrati clado* 
iponoides. 

§ 133.— Desiccating and Preservlngr Vegretables 

and Fruit. 

In contradiction of the erroneous assumptions of M. Gauppb 
(I.) and H. Bernhbim (II. )» it has been shown by £. Laurent 
(IIL), A. FERNBAcn (L), and H. Buchner (VIII.) that — apart 
from the exceptions to be considered in Chapter xxxiii. — the cella 
and celhilar tissues of the higher plants are, whilst in a healthy con- 
dition, free from fungi. In the preservation of vege table food- 
stuífs, it is, therefore, merely a question of the destruction, or 
restriction of development, of the germs of extraneous origin 
inhabiting the surface. The oldest process for attaining this 
object is that of drying, and this is practised more particularly 
on ccrtain fruits. In warmer regions the rays of the sun suííice, 
e.g, in the čase of raisins and fígs, but in colder climes recourse 
must be had to artificial warmth, and, consequently, so-called 
kilns or drying ovens are employed, wherein hot air at a tem- 
perature of 6o*-65* C. is allowed to stream over the fruit 
American desiccatcd apples and Bosnian and Servian prunes are 
prepared in this way. A description of the individual systems of 
kilns for this purpose cannot be entered upon here. The dried 
fruit still contÍEiins a considerable proportion of moisture (some 
30 per cent.) and at least the samé amount of sugar : about 30 
per cent. in the čase of pears, some 40 per cent. in apples and 
damsons, 50 per cent. in figs, and 60 per cent. in raisins. From 
I to 3 per cent. of free ncid is also present. Only some of the 
organisms present on the fruit are killed by drying, but the 
development and decomposing action of the rest are checked by 
the plasmolytic influence of the high sugar content. The putre- 
factive bacteria also suffer through the action of the free acid 
present. Sundry vegetables, especially those employed for Julienne 
soup, are preserved by drying, for which purpose they are cut into 
small pieces, and exposed in speciál ovens to a hot air temperature 
of 5o*-6o' C. Not infrequently they are then, in accordance 
with a proposal mado by Masson, subjected to hydraulic pressure, 
compressed vegetables being thereby produced. 

Drying is a comparatively inexpensive operation, but cannot 
be resorted to in every čase, since many kinds of fruit and vege- 
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tables háve their fíne flavour too much impaired thereby. Such 
articlee are treated by the Appert procese. Green peas, cauli- 
flower, asparagus, beans, and such like are manipulated as f ollows : — 
After being carefully cleaned, they are placed in glass jars or in 
tinS) which are then fílled with water and set in a salt bath, the 
temperature of which is maintained at below loo** C. for one or tWo 
hours, and thereafter raised to boiling point (108° C), at which it 
must be allowed to remain for some time, in order to defínitely 
destroy all the hardy spores of the hay and potato bacilli. The 
temperature is then allowed to sink to 60* C, whereupon the small 
blowbole in the otherwise closed tin is sealed up by means of a 
drop of solder, glass jars being closed air-tight by other suitable 
means. Preserves carefully prepared in this manner are sterile in 
the stríctest sense of the term ; but if perfect sterility is, by reason 
of any oversight, not attained, the still-living germs subsequently 
increase at a great rate. Their development is mostly attended 
with the evolution of gas, in consequence of which the straight 
walls of the tin are bulged outwards, and frequently even burst. 

A drawback accompanyíng Apperťs procese is that the colour 
of the vegetables so treated is generally destroyed. If the pre- 
servation of the colour be desired, as is the čase, e,g. with red 
beet, gherkins, and the like, then other means must be resorted to, 
and the antiseptic properties of the acids be utilised. The samples 
in question are boiled in vinegar, the liquor being then poured off 
and replaced by fresh unimpaired vinegar. In this way mixed 
pickles, for instance, are prepared. In many cases the boiling is 
omitted, pickled gherkins, for example, being preserved by simple 
immersion in cold vinegar. 

That no protection against the development of bacteria is 
afforded by steeping in brine needs no further argument. As a 
matter of fact, an easily observable decomposition occurs in the 
so-called aalted gherkins prepared in this way, the phenomenon 
proving to be lactic fermentation ; and it is to the acid thereby 
produced, and not to the small proportion of common salt present, 
that the retardation of decomposition is due. 

The boiling of fruits and fruit-juices is an operation too well 
known to need detailed descríption here. The added sugar em- 
ployed herein restrícts decomposition by strongly plasmolysing and 
preventing the development of such germs as are not destroyed by 
the boiling. In many cases, this action is assisted by the addition 
of a certain quantity of whortleberries. A few particulars re- 
specting the high percentage of the strongly antiseptic benzoic 
acid pres^ent in the latter háve already been given in an earlier 
chapter (§ 80). The glass jars destined to contain the finished 
jam, marmalade, &c., are sulphured previous to use. — ^The pre- 
servation of fruit is greatly facilitated by a careful preliminary 
cleaning, a precaution that should, moreover, not be omitted when 
the fruit is to be eaten raw, since the usually sticky surface 
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tenaciouBly retains the dust and accompanying germs that áre 
blown on to it. Thus, M. T. Schnirbr (I.) discovered virulent 
tubercle bacilli on the suríace of gtapes sold in the Vieniut 
market 

A word must be added with regard to the géUtinisation of 
firuit-Juice. As is well known, the cells of many fruits are rich 
in peetin, which, when the cells are crushed, passes into the juice 
and causes it to coagulate. This phenomenon was explained by 
Frémy, in 184P, to be due to the action of an enzyme, viz., pectase, 
whereby the peetin is converted into pectic acid. This opinion 
was modified by the researches of G. Bbrtrand and A. MALLÍtvR^ 
(I.), in so far that they showed that the enzyme can accomplish 
the transformation referred to only when in presence of soluble 
salts of the alkaline earths (e,g. lime), with which the pectic 
acid enters into combination, and forms insoluble pectates. The 
presence of this gelatinising compound is indispensable for the 
preparation of pure Ďnit Jellies ; and the latter must not be too 
strongly boiled, or their setting properties will be diminished or 
completely destroyed. In the preparation of frait Juices, such 
as raspberry juice, it is necessary, on the other hand, to get rid of 
these ]>ectin substances, because they detract from the utility of 
the juice, which should remain liquid. This end is attained by 
leaving the fresh juice to itself for a time, fermentation soon 
ensuing, by which the peetin or pectate is decomposed. The juice 
is then strained and boiled down after the addition of sugar. — A 
few references to the literatuře of the subject will be useful to 
the food-stuff chemist, who is not infrequently asked for advice 
conceming the best means of turning fruit to account Full 
particulars on the treatment of fruit in generál, as also of drying 
and preserving it, will be found in the handbooks of Fr. Lucas 
(L), Karl Bach (L), and H. Timm (I.). A brief introduction to 
the preparation and treatment of fruit wines has been arranged by 
M. Barth (L), and a pamphlet written by W. Tensi (I.) deals 
chiefly with currant-wine (as the íinest oř all fruit wines), as 
well as with gooseberry wine, &c 

The preservation of wine-must is practised on a large scale, 
particularly in Sicily. To render the juice highly suitable for 
transport, it is (after a preliminary ňltration) concentrated in 
vacuo at 40** C. to about one-fourth of its originál volume. In 
this manner a thick, syrupy mass is obtained, the composition 
pf which can be deduced from the following analytical figures 
furnished by Th. Ombis : — 

Water 35.1 per cent. 

Deztrose + levulose .... 62.2 ,, 

Acid 1.2 ,, 

Ash 0.7 

Albumin, gum, &c 0.8 
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This concentrated wine-most, whieh is shipped in sealed tins^ 
Í8 not in any čase sterile, though the still living germs (particularly 
yeasts) present iherein are, by reason of the high concentration of 
the liquid, incapable of development. If, however, the mass be 
diluted with sterilised water, then fermentation ensuea within a 
short time. According to the ezperience of J. Wortmann (II. )» 
and also of the author himself, the employment of this must can 
be recommended in laboratoríes dealing with Fermentation Physi- 
ology. The dilution of i part of must with 4 parta of water yields 
a nutrient medium exceedingly favourable for the cultivation of 
higher fungi (wine yeasts), the low percentage of nitrogen being 
improved by an addition of i per cent. of ammonium tartrate. 

The preservation of beer and wine by heating (Pasteurisation) 
will be dealt with in a subsequent section of the second volume. 



SEOTION VI. 

LACTIC PERMENTATION AND ALLIED 
DEC0MP0SITI0N8. 

CHAPTER XXI. 

GENERAL CHARACTERISTICS. 

§ 134.— Discovery of the Lactic Acid Bacteria. 

In chemical text-books acetic acid is generally characterísed aa 
being the fírst acid known to man. This assumption cannot, 
however, be considered as probable, since, in order to obtain acetic 
acid, the previous preparation of alcoholic liquids is necessary, 
and the human race in its earliest stage of civilisation, viz., nomadic 
life, would hardly háve attained that skill — the production of 
wine and vinegar, even in the most primitive fashion, presuppos- 
ing a settled mode of existence. On the other hand, the flock- 
owning nomadic races must, at a very early period, háve noticed 
that the milk supplied by their animals very quickly underwent 
alteration, and tu med sour when left to itself. Lactic acid must 
therefore be regarded as the earliest acid known to man, though 
not in a pure condition, since that coudition necessitates the em- 
ployment of methods for removing all the other constituents of 
the milk. This result was first accomplished by the Germano- 
Svvede Scheele in 1780. The earliest complete chemical inveatiga- 
tion of the souring of milk was instituted in 1833 by Pelouzb and 
Gay-Lussac (L), but from that dáte fuUy twenty-live years elapsed 
before the knowledge that this process is a manifestation of vital 
activity on the part of sundry micro-organisms assumed deíinite 
shape. It is true that already in 1701 Andry had noticed that 
sour milk contained such organised microcosms. Nevertheless, 
this observation remained at first as unproductive, as regards the 
comprehension of the question, as did also the labours of sundry 
other subsequent workers. Among these mention may be made 
of Blondeau, who in 1847 ít^nde a microscopic examination of milk 
and distinguished therein two types of micro-organisms : the one 
(which he named Torula) was a yeast-like plant; the other, a 
mould fungus, which he assigned to Penicillium and held to be 
the cause of lactic fermentation. 
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We inay recall to mind that Pasteur, in his treatise (against 
spontaueoua generation) in 1862, pointed to the non-euccess ex- 
perienced by the oppouents of this theory, especially Schroder aud 
Dusch, >vheii they employed niilk for their refuting experiments. 
Knowiug, as we do, that, beíore Pasteur, no ona had succeeded in 
rendering niilk absolutely free from germs, it ís therefore easy to 
unilerstand that up till then nothing defínite could be urged 
against the hypothesis, put forward by chemists, of the purely 
chemical nature of the process of lactic fermentation. Thus, for 
example, Kowlandson (I.), under the influence of the Liebig and 
Gay-Lussac theories of fermentation, defíned the preliminary con- 
version of lactose into lactic acid in the souring of niilk as an oxida- 
tion process, and expressed the naíve opinion that a cow that had 
been running about (and therefore breathing rapidly) before milk- 
ing would yield a milk rich in oxygen, and consequently liable to 
turn sour with unusual rapidity. The opinion of Frěmy and 
Boutrpn-Chalard (I.), (fornied in 1841, under the influence of 
Liebig^s theory), that casein was the cause ("ferment") of lactic 
fermentation, was revived, though with little success, by A. P. 
FoKKER (I.) in 1889. 

Fasteur (X.) was the íirst to describe (1857) an organism 
characteristic of lactic fermentation, and to prove the samé capable 
of producing acidifícation in a sweet, sterile milk. This organism, 
which Pasteur named the " ferment, or yeast, of lactic fermenta- 
tion,'' was a bacterium. A pure culture of this, in the present 
meaning of the term, was at that time unattainable, no suitable 
method having then been devised. Pasteur demonstrated the 
diiference existing between this " ferment " and that of alcoholic 
fermeutation, and proved that in nutrient media containing sugar, 
the former organism always sets up lactic fermentation, whilst the 
other invariably gives rise to alcoholic fermentation. 

This discovery formed an important and welcome support to 
the theory of specific ferments promulgated by Fr. Kutzing in 
1837, and implying that chemically différent fermentations axe 
carried out by physiologically diflérent species of organisms. 

§ 135.— Bacterium lactis Lister, and Baeillus acidi 

lactici Hueppe. 

The important work issued in 1873 by the English surgeon and 
founder of the antiseptic treatment of wounds has already been 
noticed (§ 68). In that paragraph the methods of working em- 
ployed by him at that time were referred to as defective and 
misleading. It was also stated that the name, Bacterium lactis, 
employed by him, was erroneous, the bacterial culture to which it 
was applied not being a uniform species, but an indefínite (and 
very probably highly diversified) mixture of difierent species. 

LiSTER (II.) himself very soon recognised the weakness of his 
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argumente, and sought for a remedy. This he found in the so-called 
dilution method, by the aid of which, in 1877, he produced írom 
8our milk a pure culture of a íission fun^s to which he applied 
the name of Bacterium lactis as before — this time correctly. The 
twofold origin of this name should therefore always be remembered. 
Lister was also the first to mako the observation, subsequently 
confírmed by Cohn, that lactic acid bacteria, though of frequent 
occurrence in the rooms of dairies, are comparatively seldom found 
in the open air. 

The introduction of gelatinised nutrient media into bacteríology 
also furthered the study of lactic fermentation. By means of this 
new method of pure cultivation Hubppb (IV.) in 1884 isolated 
from sour milk a microbe known as Bacilltis acidi lactici^ which, 
in so far as can be gathered from the description given, was 
identical with Lister^s bacterium. Hueppe also made the more 
important discovery that severai difierent species of bacteria are 
capable of setting up lactic fermentation. However, before 
noticing these other organisms, we will examine more dosely the 
BaciUus acidi lactici, which occurs in the form of non-motile rods 
1. 0-1.7 /* ^^^^ ^^^ 0-3-0.4 fi broad, mostly in pairs and but rarely 
united to form a four-cell chain ; it is aerobic and forms endospores. 
This ferment acidifíes milk between the temperatures of 10*' and 
40° C, the reaction being accompanied by the precipitetion of 
casein, and an evolution of gas. On gelatin plates the organism 
forms white colonies which do not liquefy the nutrient medium. 

In addition to the fíve species of lactic acid bacteria discovered 
by Hueppe — and to which Micrococcua prodigiosua belongs — many 
otherš possessed of the samé property háve been made known to us, 
by Maddox in England (1885), Beyer in North America (1886), 
and FoKKER (II.) in Holland (1890). R. Kruboer (I.) isolated 
his Micrococciis acidi lactis (which liquefies gelatin) from cheesy 
butter. G. Marpmann (I.) discovered five species belonging to this 
group in Gottingen milk, and named them Bactenuin lactis acidi, 
BaciUus lactis acidi, Bacterium limhatum lactis acidi, Micrococcns 
lactis acidi, and Sphcerococcus lactis acidi, G. Grotenpelt (II.) 
isolated a lactic-acid-forming, anaerobic Streptococcus acidi lactici 
from Finnish milk. In his communication, issued from Hueppe's 
laboratorv, there also occurs the remark that BaciUus acidi lactici H, 
can be permanently deprived of ite acidifying power by cultivating 
it for some time in media f ree from sugar. This attenuation of the 
cultures is also often noticed in pathogenic bacteria, many of which 
lose their virulence — ť.e. poisonous nátuře and consequent capacity 
of producing disease — when kept for some time under imaccus- 
tomed conditions of nutrition, viz., outside the animal body. 
Bearing this in mind, Grotenfelt speaks of a variable virolence 
of BaciUus acidi lactici, meaning thereby the possibility of re- 
'ucing its fermentative power. 

The fermentative properties of the Bacterium lactis aerogenes. 
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íound by Escherioh (I.) in the contents of the intestines of 
sucklíngs, and also in uncooked cow's milk, were investigated by 

A. Baoinskt (II.), who íound that in artificial media containing 
lactose it produces both acetic acid and lactic acid. The gas 
liberated during the reaction consisted of COg, 22 per cent.; 
H, 30 per cent.; CH4, 9 per cent.; N, 39 per cent. R. Wurtz 
and R. Leudet (I.) considered this miorobe to be identical with 
Pasteuťs lactic acid bacillus, but their opinion does not seem to 
be well founded. According to J. Dbnts and J. Martin (I.), 

B, lactis aerogenes is only a variety of the PneumobaetUtts (§ 33) 
discovered by Friedlánder. 

Respecting the Pediococeus aeidi laetiei discovered by P. 
LiNDNEB (I.) a few particulars will be given in Ghapter zxv.; and 
details conceriiing the part played by the lactic acid bacteria in 
certain industrial fermentation processes, such as distilling. dairy- 
ing and cheese-making, tanning, &c., will be found in Chapters 
xxiii. to xxvii. 



§ 136.— The Equation of Lactic Fermentation 

is (when lactose or grape-sugar is presupposed as the raw materiál) 
generally expressed in chemical text-books as folio ws : — 

C12H22OU + H2O = 4C8HDOa 
LactoM. Lactio{Acid| 

CsHisOa = 2C8HflOfr 

Actually the process is not so simple as here represented, a 
certain quantity of the sugar employed being consumed by the 
organisms to enable them to discharge their vital functions and 
bring about the fermentation in question. Consequently the actual 
yield of lactic acid obtained is less than the theoretical quantity 
calculated from the foregoing equations. Another proof of the 
complex nátuře of the operation is afiforded by the large quantity 
of gas liberated duriiig the fermentation, but which is not indicated 
in the reaction expressed by the equations aforesaid. 

According to the researches of R Warinqton (I.), the amount 
of acid produced varies greatly in different species, and is so small 
with some that (as noted by Conn) it is insufficient to curdle the 
milk. This difference is explicable by the varying susceptibility 
of the individual species to the ad verse influence of the resulting 
acid. On this account alone, fermentation may come to a stand- 
still notwithstanding the presence of sufficient unconsumed nutrient 
materiál. The difficulty is easily met by opportunely neutralising 
the acid by an addition of the carbonate of calcium, magnesium, 
or zinc. In the latter čase, the highly characteristic lustrous 
acicular crystals of zinc lactate ([CgH503]2Zn + 3 aq.) are obtained. 

VOL. L P 
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A few quantitstive exgieniueiits made by Adolf Mayer (II.) 
show that one hundred parte oí fermented lactose [iroduue — 

&}.g part9 oí lactic aciá 

12.4 „ „ uoknon-D snbKtances. 

Theae resulta, however, were not obtained with pure ciilturei o£ 
lactic acid bactería, and thercfore are not fully couclusive. 

Pure cultures of laotic ferments were first empSoyed by E. 
Kayser (T.) iu 1894, in au investigation oí lifteen difTerent species 
of lactic acíd bacteria isolated from Froncli milk, Belgian bcer, 
Danish creani, wine-must, rye infuaíon, sauerktaut, &c. Con- 
firming the reaulta of Mayor and Baginsky, he showed that 
voUtile acids, also, are produced in tlie course of lactic fermeiita- 
tion, their aniount depeiidiog on ttie composition of the nntrient 
medium tis well as on the species of ferment. Tlius, for exaiuple, 
a greater quantity of volatile acids was produced from a mllk 
qualified with peptone thaa from a peptonised maltose salution. 
Cultures grown at the bottomof the nutrientlíquid ("lactic bottom 
fermentation ") yielded lecs than aurface culturee. This fact had 
been already recorded in 1889 by Oppenheimeb (I.), "ho found the 
Tatio of acetic acid to lactic acid produced from milk fermented by 
liacierinni laetis oerogeTiea to be as S5 : 1 5 ; and in the čase of 
Bacteríum coli eotninune as 70 ; 30. This mtio is, however, not 
invariable, but ia chiefly determined by the amount of ojtygen 
present. Hence, in the absence of air, only small quantitiea of the 
volatile acids are found, lactic acid being almost the oniy acid 
presetiL 

Attampts were made by G. Kabbhei. (I. and II.) acd H. 
TíMPB (I.) to investigate the part played by casein and the phoa- 
phates in the lactic fermentation of milk. The optimum fermenta- 
tion temperature is between 30° and 35° C, and the operation 
proceeds much more actively when air ia excluded. Kayser waa 
unable to detect any lactic enxyme excrctfld by the bacteria and 
capable of converting lactose ínto lactic acid. 

In view of these results, it is hardly neceasary to say that the 
establiahment of a satisfactoty equation to repreaent the leactions 
occurring in lactic fermentation is highly improbable. 
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CHAPTER XXII. 

THE PRODUCTION OF OPTICALLY ACTIVB ORGANIC 
COaiPOUNDS BY FERMENTATION, 

§ 187.— Isomers of Lactic Acid. 

The details given in the preceding chapter with regaid to the 
physiological activity of the lactic ferments requiie supplementing 
in one important particular. Mention has been made of lactic 
acid, and always without qualiíication or reference to the fact that 
there are severál isomeric lactic acids. This question can now be 
considered from a higher standpoint, and the occasion utilised 
for dealing with the production of optically active subetances in 
generál, through the activity of micro-orgamsms. 

Stereo-chenústry teaches that all optically active organic sub- 
stances contain in the molecule at least one asymmetric carbon 
atom, ue, one whose four atom-fixing powers or affinities are oon- 
nected mth four different elemente, or groups of atome (radicals). 
On the other hand, experience shows that there are compounds 
(such as racemic acid and mesotartaric acid) which contain one or 
more asymmetric carbon atoms, but are nevertheless optically inac- 
tive. The structural formula of mesotartaric acid is COOH — 
CHOH— CHOH— COOBL This samé formula, however, is also 
iulopted for two other acids, named from their optical properties 
respectively dextro-tartarie acid and levo-tartaric acid. To explain 
this fact it is necessary to refer to the hypothesis promulgated in 
1874 by Van't Hoff (I.), that the four equivalents of a carbon 
atom are arranged at the angles of a tetrahedron, in the centre of 
which the carbon atom itself is situated, whereas the atoms or 
radicals combined therewith occupy the angle& For example, leť 
Cábcd be a compound containing one asymmetric carbon atom C, 
with which are combined the four (different) atoms or radicals 
a, &, c, d. £y employing the tetrahedron scheme, the arrangement 
of these latter can be etfected in two different ways : — 
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These two formulie are not ideiitical, but stand i& the mutual 
relation of au image and its reflectioti. Iii order to get from 6 
over c to d, it is necessary (looking iiom a) m tbe oae instance to 
move in tlie aame directíon aa the hands of a clock ; but in the 
other caae tho movement ie teversed. 

The compound Cabcd is thuB obtained in two modificationa, 
which háve the sains structural formu]a, and behave Hítnilarly from 
a chemical point of view, but diffor in a physical eense (crystalline 
hábit, solubility, behavíour towarda polarised light). Such com- 
pounds, whose different behaviour can oiily ha esplained by the 
aasumption of a difference of gronping in the molecule, are desig- 
nated stflreo-iBomers. Of the compound Cařiai there may exist 
one modification capable of deviating polarised light towarda the 
right hand, and a second producing a ieft-handed rotation; and 
one part by weight of the dextro-mtatory modification givea rise 
to just as gteat a deviation towards the right hand es one 
part by weight of the levo-iaoilífication doea towards the left 
hand. 

If now a compound containing aucli an asymmetric carbon 
atom be artificially prepared from substances devoid of asymmetric 
atoms, the probability is that just as many levo-rotatory as dextro- 
rotatory molculea wili be produced ; and assuming that each mole- 
cule of the one kind coaleaces with a molecule of the other ciasa to 
form a double molecule, then an opticalty inactive compound will 
lesulL There may tberefore be preaumnbly obtained from one 
combination, CaJicd, containing a single asymmetric carbon atom, 
three dilferent modificationa, two of which (one dextro-, the other 
levo-mtatory) are optically active and the third inactive. An 
example of such a compound is afforded by ethylidene lactic acid — 

CH, H CHi 

O = CH.OH 

/\ I 

HO COOH COOH 

of which one optically inactive form is known, nnd in chemical 
tcxt-bouks is generally named fermentatíon úctlc acid. The 
dextro-rotatory modification has alao loiig been linown to chemista 
under the name of sarco-Iactíc or para-lactic acid, whiht the third 
modification, levo-laotic acíd, was only discovered and produced 
a few yeara ago by fermentation phyaiologista. This will be again 
referred to later on. 
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§ 138.-~The Isomeric Tartaric Acids. 

Of the compounds containing ttoo asymmetric carbon atoms in 
the molecule we will refer to only that group in which these two 
atoms are connected by a single bond, as is represented in the 
subjoined typical formula — 

As regards the positional arrangement of the two groups oí 
substitutes (o, 2>, c, or a, f3, y) in the molecnle, four possibilities 
are conceivable: (i) both grouped in the dextro- position; (2) 
both in the levo- position; (3) the one dextro- and the other 
levo- ; (4) or, fínally, vice versa, 

Assuming the group b—-c — to possess a (numerícally) greater 

optical rotatory power (D or L) than — C— /3, which may be 

expressed in letters thus — 

D > d L > í, 

Then the rotatory power of the entire molecnle will háve the 
following values — 

D + d, L + ř, D - rf, or L - ř, 

according to which of the four possible compounds is present. 

The optical eífect of the one semi-molecule will therefore be 
strengthened by that of the other semi-molecule in the fírst two 
instances, or weakened thereby in the other two cases. Con- 
sequently there result four stereoisomeric active modifications : 
the first strongly dextro-rotatory ; the second strongly levo-rota- 
tory; the third faintly dextro-rotatory; and the fourth faintly 
levo-rotatory. Furthermore, one molecule apiece of the two 
strongly rotatory (D -f eř and L -f /), as also one apiece of the two 
faintly rotatory (D-ď and L-Z) modifícations, can coalesce to 
form inactive double molecules — 
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The total nnmber of all conceivable stereoisomeric modificationB 
of the compound &-~C — O—iS is therefore 9ix. 




Í8 the type of this group. 

In Ůiis caBe we háve D — d and L = í. The four above-named 
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The moilificationa 2D aod 2L correspond to the deztro- and 
levo-tartaric acida; and, in place of the two faintly rotatory 
modifications, we háve a single optieally inactive form, which, in 
the tartaric acid group, is nanied meso-tartarlc acid. 

This last-named acid is innctive as a result of istramoIeCDlar 
compensation, and is therefore distinct from the niodiíication 
produced by the i^aleacence of the two optícally activa forms 
j^j^l' which double molecule is also optically inactive, and in 
the tartnríc acid group is named racetoic acid. 

The existence of two fundamentally differeut groups of optically 
inactive compounds containing nsynimetric carbon atoms is thus 
theoreticaily posaible, viz. : — 

1. Uouomolecxilar, indivisible, optically inactive in con- 
aequence of inttamoleeular compensation of iheir optically 
active atom groupa. Type : D-rf = oorL-í = o. Example : 
meso- tartaric acid. 

2. Blmolecolar, optically inactive, appearing only as 
double molecules, one of which belongs to the dextro- and 
the other to the levo- modification of the compound. Type : 
2D — 2L = O. The inactive double molecule can be split up 
into two optically active components, 2D and 2L. Example : 
racemic acid (Fr. acide racimique, Ger. Traubemaure). 

The Hrst of these two modifications, viz., the monomolecular, 
indivisible kind, ia termed the anti-combination ; the second, oř 
himolecular modification, being known as the para- íorm, oř (from 
the best known exam]>le) racemic modification. 
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On the other hand, it is found, both theoretically and in prac- 
tice, that bodies containing but a single asymmetrío carbon atom 
can appear in only cme inactive form, námely, the divisible, bi- 
molecuiar para- form. 

§ 189.— The Dlvision of the Racemio Compounds. 

The correctness of the assumption that the racemic modifíca- 
tions of stereoisomeric bodies are actually double compounds, 
consisting of an equal number of dextro-rotatory and levo-rotatory 
molecules, can be demonstrated in two ways. The first is by 
synthesia If, for example, equal quantities of equally strong 
(nearly saturated) solutions of dextro< and levo-tartaríc acid be 
mixed together, combination of the two, attended with the evolu* 
tion of heat, occurs, and the mixture solidiíies in consequence of 
the crystallisation of a racemic acid which can be proved to be 
identiÓEd with natural racemic acid« Again, if equal quantities of 
dextro-lactate and levo-lactate of zinc be dissolved in water and 
mixed, the optically inactive zinc salt of '* f erme^tation lactic 
acid" — possessing all the properties of this substance — will 
crystallise out This synthetic construction of the inactive double 
molecule from the two optically active components is, however, of 
merely theoretical interest, but is without any practical value, no 
new and hitherto unknown compounds being thereby obtained. 

As a rule, it is the inactive para- form with which we háve to 
deal, and this has to be split up into its constituent molecules of 
the dextro- and levo- modifícadons. This division can be effected 
in several ways. In some' cases the inactive substance decomposes 
spontaneously on crystallising out from solution, and the com^ 
ponents — which differ in their crystalline hábit — can be separated 
by hand (selecting the crystals according to their structure). The 
earliest ezample of this was given by Pastbur (XI.). If a solu- 
tion of sodium-ammonium racemate (C4H4(NH4)NaOQ + 4 aq.) be 
allowed to evaporate slowly, hemihedral crystals are obtained. 
Pasteur found that the hemihedral surfaces did not occupy the 
samé position in all the crystals, but that the one class of crystals 
formed, as it were, the reflected image of the other, one being 
dextro-hemihedral but levo-rotatory, and the other levo-hemi- 
hedral but dextro-rotatory. On separating the two kinds, and 
preparing the acid from each, he obtained dextro-tartaric acid in 
the one čase and levo-tartaríc acid in the other, but in no instance 
was the inactive racemic acid produced. 

The most usual method of division consists in allowing the 
inactive substance to unitě with an optically active one. If 
the substance to be split up is an acid, then an active alkaloid 
(e,g, morphine, quinine, strychnine, &c.) is ušed ; if a base, it is 
combined with dextro-tartaríc acid. Experience teaches that the 
resulting compounds háve very different degrees of solubility, on 
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which account the two optically active modiíications can be tepir 
rated without much difíiculty. Thus, it was shown bj T. Pdbihi 
and J. W. Walker (I.) in 1892, that by combining the optically 
inactive " f ennentation lactic aciď' with strychnine, it can be 
decomposed into its two optical components, viz., dextro-rotatoij 
sarcolactic acid and levo-rotatory lactic acid. 

However, the most important method of separation is that in 
which the activity of micro-organisma Í8 called into play. This 
method, also, was proposed by Pasteur in 1860. He aowed oextain 
iower f ungi — the precise species cannot now be ascertaíiied — ^in a 
solution of optically inactive ammonium racemate, and found thal 
the levo-rotatory properties of the liquid gradually increaaed ; and 
that af ter a certain lapse of time ammonium levo-tartrate alone waa 
detectable. It must therefore be concluded that certain fennents 
are endowed with selective powers. In the present instance, the 
organism has separated the racemic acid into its two optically 
active components, one of which (the D-tartaríc acid) it consumes, 
whilst the other (the L-acid) is liberated. Since Pasteur^s time 
this separating power has been utilised in various ways, two 
examples of which are now given. In the first pláce, J. Lbw- 
KowiTscH (I.) in 1882 dissociated the optically inactive mandelic 
acid, CgHg — CH.OH — COOH, into its two active components in 
this manner. On the other hand, P. Frankland and W. Fnsw 
(III.) allowed their Bacillus ethacettetts to react on the calcium 
salt of the optically inactive glyceric acid — 

CHaOH— CH.OH— COOH. 

whereby its dextro-rotatory component was obtained, the levo- 
component being consumed. 

§ 140.— The Production of the Stereoisomeric 

Lactic Acids 

by fermentation merits closer attention. In the first pláce, it 
should be mentioned that only the three isomers of ethylidene 
lactic acúlf CHo — CH.OH — COOH, are in question, since ethylene 
lactic acidy dig-OH — CHg — COOII, has hithorto been obtained 
by purely chemical means alone. The sub-titlc, fermentation 
lactic acid, so long borne solely by the inactive form of ethylidene 
lactic acid, is now recognised as also appertaining to both its stereo- 
isomers, so that the term is now synonymous with ethylidene lactic 
acid generally. Of the two active forms, the so-called pandactic 
acid was the first to be prepared by the fermentation method, the 
discovery being due to M. von Nencki and N. Sibbbr (I.) in 1889. 
These observers found that certain tumours in an animal aíTected 
with symptomatic anthrax contained (in addition to the charac- 
teristic bacillus of this disease) an anacrobic fission fungus, which 
produces large quantities of paralactic acid {i,e. dextro-lactic acid) 
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in saccharine media, and is on tíiat account named Mierococcus 
dcidi paralacticL On the other hand, ťhe aforesaid pathogenic 
bacillus, under the samé conditions, produces inactive lactic acid. 

Levo-lactic acid was fírst prepared in the year 1890 by Fr. 
Sghardingeb (II.), by means of the fermentative activity pí a 
short-rod species found in a Hungarian well-water, and to which 
the name of BaciUus acidi Icevolactici has been given. In size 
this organism greatly resembles Hueppe^s BaeUltAS acidi lactici. 
It f erments dextrose, saccharose, lactose, and glycerin, the resulting 
products being levo-lactic acid, a little ethyl alcohol, a quantity 
of carbon dioxide, and an unspecifíed combustible gas. The zinc 
salt of inactive lactic acid is obtained by crystallisation from a 
warmed solution of the zinc salts of this levo-lactic acid and of 
paralactic acid. 

So far as is known at present, the Schizomycetes species forming 
levo-lactic acid are of less frequent occurrence in nature than those 
producing either inactive or dextro-lactic-acid. K. Gúnthbr and 
H. Thibrfeldbr (I.) examined a large number of samples of sour 
milk, in none of which could they íind levo-lactic acid. Neither 
did they succeed in isolating from the milk any físsion fungus 
capable of forming this acid, but always obtained either inactive 
or dextro-lactic acid, or a mixture of both. This, however, does 
not imply that Schizomycetes producing levo-lactic acid are rare. 
On the contrary, a considerable number of species (mostly patho- 
genic) endowed with this property are already known. Investiga- 
tions on this point were fírst made by J. Kuprianow (I.) and 
repeated by B. Gosio (I.), and it was shown that the amount of 
this acid produced per unit of quantity of the fermented sugar 
varies according to the species employed. 

Vibrio cholerce asiaiiccp (in addition to other vihrios) was found 
to produce levo-lactic acid, whilst Spirillum tyrogenum (Deneke) 
produced dextro-lactic acid. On the other hand, G. Leichmann (I.), 
in 1896, showed that when ordinary milk is kept at 44^-5 0° C. — 
insteaíd of the lower temperatures employed by Giinther and Thier- 
felder — levo-lactic acid is invariably produced. The (long-rod) 
físsion fungus concemed in this reaction was named by Leich- 
mann (IL) BacHltis IcLctia acidi, a name (as we háve seen in 
§ 135) already in use for another species of Schizomycetea as long 
ago as 1886. 

The kind of lactic acid produced under given circumstances 
by a certain bacterium affords, in many instances, a valuable 
means for differentiating allied species. For example, in the 
čase of BaciUtis typhi abdominalis and Bacterium coli commune^ 
the latter — as shown by Blachstein (I.) — produces dextro-lactic 
acid from glucose, whilst the former, under identical conditions, 
gives rise to levo-lactic acid. 

Kevertheless, the faculty of a given species of bacterium for 
producing a defínite kind of lactic acid must not be regarded as 
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unconditionaL On the contrary, a good deal depends on ihe con* 
ditions of nutrition. The uecessity for the maintenance of iden* 
tical conditions during experíments of this kind haa alieady beán 
emphaaisedy and it should be also mentioned that the reanlts are 
influenced not only by the kind of carbohydrate (sugar) subjeeted 
to fermentation, but aleo by the constitution of the nitrogenoui 
nutríent materiál. For this discovery we are indebted to A« PáaĚ 
(I.), who showed that when ammonia šalte alone (unaocompanied 
by peptone) are at the disposal of the microbe, both B. iyphi 
aháonunália and Baderium coli eommune produce levo-rotatory 
lactic acid from glucose. 

The separation of optically active compounds by means of 
Eumycetes will be frequently referred to in the second volume, so 
we will only mention a treatise by M. von Nencki (IL), which 
describes a valuable method for manipulating fermenting liquids 
and determining their content of optically active lactic acid. The 
characteristics of the salts of this acid háve been described by T. 
PuRDiE and J. Wallace Walker (II.). According to F. Hopps- 
Sbtlbr and Fr. Araki (L), the lithium salts are the most suit- 
able compounds to employ in experimente for determining the 
rotatory power of the various lactic acids. 



CHAPTER XXIII. 

THE ARTIFICIAL SOURING OF CREAM. 

§ 141.— The Acid Generátor. 

The preferences exhibited by the various families of tbe human 
race for different kind.s of butter are very marked. China and 
Japan, for instance — to which countries Denmark ships large 
quantities of this food-stuff — prefer sweet-creaiiL bntter, ť.e. that 
prepared from fresh, sweet cream ; whereas, in Scandinavian coun- 
tries, Denmark itseíf, North Germany, and England, a preference 
for Bonr-cřeaiiL bntter prevails. 

In order to obtain the latter product, the cream is allowed to 
tum 8our and undergo a fermentation, principally of a lactic 
character. Until within the Inst few years the generál practice 
was simply to leave the cream to become sour spontaneously ; hence, 
in view of the fluctuation to which the bacterial flora of milk and 
cream is exposed, it is not surprising that such a method of pro- 
ceduře frequently resulted in the production of defective butter. 

A reliable means of combating this adverse tendency is, how- 
ever, now available, námely, the process — introduced into the 
dairy industry in 1890 by H. Wriqmann (IIL-V.) — of artifldally 
sonring cream by the aid of pure cultures of selected races of 
lactic acid bacteria. This process is divided into two manipula- 
tions : the preparation of the acid generátor and the preliminary 
treatment of the cream to be soured. 

The acid generátor (or startér) brings the cream quickly into 
a statě of fermentation. According to Weigmann's recipe, it is 
prepared as follows: — Separated or skimmed milk — in the pro- 
portion of 2-3 per cent. of the cream to be acidifíed — is warmed 
up to about 60** C. and then immediately re-cooled as quickly and 
as much as possible. This treatment kiUs some of the bacteria in 
the milk and weakens others to such an extent that they cannot 
offer more tban a feeble opposition to the development of the 
lactic acid bacteria, which are then added to the treated skim- 
milk. For this purpose a pure culture of lactic ferment, obtained 
from a Dairy Experimental Station, is employed. The vessel is 
kept for twenty-four hours at a medium temperature (15' C), by 
which time its contents will be converted into acid generátor 
ready for use. 

The cream, also, requires a preliminary treatment to prepare 
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the way for the action of the acid generátor. Sterilisation, or at 
leaat Pasteurisation, would alTord tlie best results, but as these 
are genenilly dífliciilt to effect iii a reliable mnuDer, a method of 
weakening the " wild " bacteria present, by cooling the cream dova 
to a low temperature and then quickly warming it up again to 
i6°-20° C., haa to be resorted to. The aciii generátor Í8 theii 
added and well incorporated by etirring, and the cream vat is left, 
at about is°-ao° C, iintil the foUowing day, by which tinie the 
cream will be ripe for churning. 

If it be desiied to cultívate the acid generátor further, a sniall 
portion is taken from the hulk beforc use and employed in the 
sanie way as a piire tulture. 

In špite of the adverse opinioit of many practical men, the 
possibility of producin;;; good hutter from Pasteurísed, oř even 
sterílised cream, has heen demonstrated by tlie researches rcpoited 
by P. ScHrppAN (I.); and Besno Martiny (II.) hoa drawn 
attention to the hygienic advantages nttonding Buch a method of 
working. Finally, it was proved by Popp and Beckbr (I.) in 
1893, tbat butter prepared from steriíised crenm keeps better than 
that from Pasteurised cream, and far better thaii that from cream 
whicli has not been heated at all. 

§ 14'2.— The Aroma of Butter. 

The results of Weigmann's researches iip to the preaent 
(according to a private communication) indicate that probably 
only a single species — though appearing os numerous varieties — 
of bacterium sete up the lactic fermentation now in question. 
This organisni is a rocau (deacribed by \V. Stokch (I.),) measur- 
ing about i /i in diameter, and uniting to form chains. The 
varieties (also colled racet) of this coccus, which, from the point 
of view of the systematic botanist, do not differ sufiiciently 
to be claasified as sejmrate species, generally exhibit one oř 
other of the following good qualities : they eilher give rise to a 
powerful aroma, which imparts a very fine flavour to the butter, 
or else tho produot, without exhihiting any marked exceilence of 
flavour, is endowcd with good koeping qualities. Consequently 
such races or varieties shonld be ušed in the manufacture of 
butters for export. Whether there are racea in which botli these 
advantages are combined caanot yot be defioitely asserted. The 
aroma produced by the bacteria cannot háve originated in the 
volatile acids of the butt«r, aince it is alao develop)ed in cultures 
free from fat, and containing no nitrogenous nutňment other than 
peptone. Coraparative esperimenta on the flavour oí butters pre- 
pared by tbe aid of different varieties of lactic acid bacteria were 
made by Adametz and Wilckbns (I.) in 189 j. — Owing to a note- 
worthydiacoveryeffected by H. W.Cosn (I.)in 1895, the questii 
has latterly taken a new tum. He succeeded in iaolating from 
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sample of South American milk a físsioii fungus named Baetlltis 
No. 41, which Í8 not one of the acid bacteria, but produces in 
milk and cream a fine aroma, identical with the highly-prized 
flayour known in North America as '*grass íiavour" or "June 
flavour," because it is produced only in the month of June, at a 
time when the cows are f oddered on tender grass rich with blossom 
and perfume. Cream inoculated with this bacillus yielded butter 
endowed with this fine grassj aroma. By means of this process 
butter can now be produced with a uniform degree of excellence 
and marketable value. The mode of working with this bacillus 
is simple. A culture of the organism in milk is procured, the 
usual volume being about ^ litre (nearly half a pint), and is poured 
into about 6 li třes (1.32 gall.) of Pasteurised and re-cooled cream. 
After a lapse of a couple of days the whole is transferred to the 
bulk of the (fresh) cream, which is left for twenty-four hours and 
will then be ripe for chuming. About 6 litres of this ripe cream 
are reserved for inoculating the next batch in the samé manner 
as before. It will be noticed that the bulk of the cream is not 
heated, and consequently the lactic acid bacteria therein will be 
still living and capable of souring the cream, whilst the Bacillu8 
No, 41 acts concurrently and develops the aroma. The latter 
organism, however, retains the upper hand, having been initially 
present in excess. This flavour-developer has now been tested 
and proved in more than a hundred North American dairies, so 
that its employment can be recommended. Naturally, fresh cul- 
tures must be introduced into the dairy at intervals (two to three 
months), since otherwise the bacterium gradually loses its powers. 
The discoverer of the organism attributes to it the additional 
faculty of remedying defective butters, but on this point the data 
at hand are insufficiently conclusive. It should be mentioned that 
the microbe appears in the form of non-motile short rods, 0.7 /x 
broad and 1. 1 /x long, generally united in pairs, but nevěr as chains. 
The optimum temperature is 23** O. Its acid-producing powers 
are so slight that the milk is nevěr coagulated. The aroma 
developed in the milk is initially delicate, but becomes progres- 
sively stronger, and fínally (after a lapse of several weeks) resembles 
that of fine cheese. As a result of further researches published in 
1896, CoNN (II.) was led to conclude that acidifícation and the 
production of aroma are independent phenomena. He considers 
that aroma is developed by the activity of peptonising bacteria 
which separate volatile bodies (of agreeable or offensive smell and 
taste) from the albuminoid constituents of the cream. 

§ 148.— Defects in Butter. 

The advantages offered by this artificial method of souring 
cream are only appreciated at their true value when its application 
cures certain defects in butter to which we will now refer, and 
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which were fonnerlj attríbuted exclusively to bad fodder. In 
itÚB čase also bacteríologista háve been able to confate erraneoui 
opinioiifl and render valuable aadstance to practice. 

There ia probably not a single dairy in Korth Gennany or 
Denmark whose bntter has not at some time or other been '* coly,* 
ie. exhibited a flavoar lecalling that of minerál oiL This malady 
appears wlth particidar frequency in dairies deficient in applianoes 
for keeping the souring cream and finished butter sufficientlj oool. 
Weigmann showed that both the acid generátor (prepared by 
spontaneous acidification) and the butter-milk of such dairies are 
very impure, in a bacteríological sense, and he was invaríably 
successful in remedying the complaint by the introdaction ot 
artifícial souring. 

A second and not less injurious defect is the so-called tnniip 
flayour. Butter suffering from this complaint has a repulaive 
sweet taste, recalling that of tumips. To throw the responsibility 
on the latter is an obvious, but not always justifíable, proceduře^ 
since cases are known where neither the cows nor any of the dairy 
appliances had come into contact with tumips, notwithstanding 
which the flavour still made its appearance in the butter. O. O. 
Jensen (I.) discovered, in 1891, in the milk of several Jutland 
dairies where this complaint had long been rife, a microbe which 
he named Baeilltts /tetidiut ladia, and which was recognised as the 
cause of the malady. This motile bacillus has a breadth of 0.4- 
0.6 fi, its length varying usually between 0.9 and 1.5 ft, and often 
attaining 5.5 /^ No spore formation has l>een detected, and the 
organism does not liquefy nutrient gelatin. As its second name 
implies, this bacillus gives rise to stiuking decomposition in milk, 
but is not tho only species producing the samé complaint, Jensen 
himself having grouped along with it a number of others possess- 
ing the samé power, among them being several species of micro- 
coccus (not more definitely named), a Merismopedium, &c. The 
employment of pure cultures of lactic acid bacteria gave satisfac- 
tory results, producing a pure and íine-flavoured butter in pláce of 
the previously almost unsaleablo article. 

A third evil which is probably (though not yet indubitably) 
attributable to bacteria, is the so-called fishy or train-oil flavour 
in butter. Other defects, such as greasy, tallowy, cheesy butter, 
háve their origin in the inferior chemical composition of the 
cream ; whilst for a third group of complaints, e,g. stablc smell 
and smoky smell, tho unclcanliness of the miiker is responsible. 

How íirmly the injurious bacteria settle themselves in the 
rooiiis of the infcsted dairies is evident from the observations 
made by Ronneberg, accordiiig to whom the beneficial results 
accruing from the employment of pure cultures of acid bacteria 
in infested dairies are only temporary, and disappear if fresh 
suDDlies of the invigorating pure culture are not introduced in 
e. 
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The advantages of this new method are so numerous, that its 
employment should not be delayed until the maladies in question 
appear ; in fact, the method is designed as a protective rather than 
a remedial measure. The expense of appljdng the method is 
small, the supply of pure ctilture needs, under normál conditions, 
to be renewed only about once a fortnight, and the outlay at the 
samé time ensores pi^otection from unwelcome surprises. Even 
when the continuous employment of the method is not decided 
upon, it should at least be practised at such times as a change 
from dry to green fodder, or vice veraa, is made, this change often 
becoming very unpleasantly manifesty not only in the cream-pan, 
but also in the cheese-room, as wHl be explained in Chapter 



The method is most extensively ušed in Denmark. From a 
report by Frus, Lundě, and Storch (L), it appears that whilst in 
189 1 only 4 per cent of the samples of butter exhibited at the 
butter shows (held annually in various parts of the kingdom) had 
been prepared by the aid of pure cultures of acid generátor, the 
number had increased in 1894 to 84 per cent This fact a£fords 
the best recommendation of the method. 



CHAPTER XXIV. 

THE COAGULATION (CURDLING) OF MILK. 

§ 144.— Acld Curdling and Rennet Curdling. 

The amount of nitrogenous constituents in cow's milk fluctuates 
between 2.5 per cent. and 4.2 per cent. bj weight, and íb on the 
average 3.5 per cent. The chemical composition of these nitro- 
genous matters has not yet been satisfactorily determined, and 
can only be touched upon here so far as is requisite and useful 
for bacteriological purposes. More precise information, accom- 
panied by copious bibliographical references, will be found in W. 
Flei80Hhann's (I.) work on dairying. 

In refutation of the opinion expressed by Duclaux (VIL), 
that only a single albuminoid body is present in normál cow^s 
milk, the Swedish chemist Olaf Hammarsten showed, in 1875, 
that at loast three such compounds can be distinguished therein, 
yíz., casein, lactalbumin, and globulin. The íirst forms about 80 
per cent. of the total quantity, and the remainder is principallj 
lactalbumin (free from phosphorus), globulin being present in 
but very small quantities; both of these latter are soluble in 
water. The caseín (containing phosphorus) is acid in character, and 
consequently is not present in a free statě in the milk, but occurs as 
a salt of Ume containing 1.55 parts of CaO per 100 parts of casein. 
This compound of lime and casein is not dissolved in the milk, 
but is held in suspension as a swollen, coUoid, finely divided masa. 
When the milk is acidifíed the casein is liberated, and — ^being 
insolublo and incapable of swelling — is přeci pitated in fine flakes; in 
other words, the milk curdles. The acid may be either artifícially 
added or generated by fermentation in the milk itself ; in either 
čase the ensuing precipitate is known as acid cnrd (Ger. Quark). 

Milk can also be curdled by another mcans, námely, by lab or 
rennet, an enzyme secreted by speciál glands in the stomach of 
many animals. This rennet is very plentiful in the stomach 
of the calf, from which it is prepared by drying in the air and 
leaving to stand for a few months, then comminuting the masa 
and extracting with a weak (5 per cent.) solution of common salt. 

On adding a small portion of such a solution of rennet to 

sweet, unboiled, lukewarm milk, the latter gradually curdles, the 

coagulum thus formed being, however, not casein itself, but a 

derivative of that substance. Hammarsten found that the casein 
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Í8 in this čase split up into two portious differing greatly in 
amount, viz., lacto-protein, small in quantity, soluble, and re- 
maining in the whey, and the insoluble paracartin. The latter, 
therefore, forms the chief constituent of the coagulum separated 
("set") in cheese-making by the aid of rennet, and known as 
rennet curd (Ger. Bruch), or crude cheese. 

Casein, or paracasein, though the sole nitrogenous constituent 
of the coagulum produced in any of these methods, is, howeTer, 
by no means its sole component^ a number of other substances 
being precipitated and carried down at the samé time. If whole 
milk — i.e, unskimmed milk — is set for cheese, almost the whole 
of the fat will be found in the curd, which will then subsequently 
produce rich cheese — sldm-cheese being the result in the converse 
čase. Along with the fat^ the calcium phosphate contained (in 
suspension) in the milk will also be thrown down only in the čase 
of rennet curd, not in the curd produced by acidification. 

Not only are fat and (in this instance) calcium phosphate 
carried down by the coagulum, but also a large part of the 
organisms present in the milk will be found in the fresh curd, so 
that the latter is relatively as rich in organisms as the milk from 
which it was precipitated. Here, again, a considerable difference, 
from a biological point of view, exists between the two classes of 
curd, and exercises a decisive influence on their subsequent career. 
The flora of the rennet curd from sweet (i.e. almost neutral) milk 
is much more diversifíed than that of acid curd. The latter, 
having been thrown down from a sour milk in a statě of vigorous 
lactic fermentation, consequently contains only a limited number 
of species, and these endowed with a particular fermentative 
power. 

Acid curd differs, therefore, from rennet, both in the method 
of production and also in composition. Being devoid of flavour, 
both kinds are, however, unsuitable for food; their conversion 
into a form in which they both stimulate the appetite and are also 
themselves more readily digestible, is the task of the cheesemakeťs 
art, fuller particulars of which, from the bacteriological point of 
view, will be found in Chapter xxxi. 

§ 145.— Characteristics and Activity of Lab. 

If the enzyme in question were exclusively a metabolic product 
of the animal body, the foregoing details would suffice. However, 
since it is excreted by many fungi as well, a few additional par- 
ticulars will not be out of pláce in a work dealing with technical 
mycology. 

When and in what manner the attention of mankind was 
first drawn to this enzyme cannot be determined, since even the 
oldest authorities, e.g. the Bible, speak of its employment as an 
ancient practice. Its method of action, however, was unknown 
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eren down to the commencement of the present (nineteenth) cén-* 
tury. The prevalent opinion, based on the curdling of sour milk, 
was that the precipitation efifected by rennet was indirect, an acid 
beÍDg first formed which then caused the precipitation of the 
curd. The elucidation of the true statě of tne čase was resenred 
for Bebzeuus (L) in 1840, and his discovery was soon afterwards 
supplemented by the labours of Fr. Selmi (I.), C. G. Lehmank (L), 
Heimtz (L), and Voelcker (I.), who showed that the action of 
rennet is quite independent of the formation of acid. 

The identity of this enzyme with the pepsin discovered by 
ScHWANN (§ 18) was disproved by O. Hamharsten (I.) in 1872. 
This observer was the first to successfully separate these two gastoic 
secretions, an operation which Deschamps (I.) had failed to effect 
thirty-two years earlier. Hammarsten, however, did not make use 
of the name chsrxnosin, proposed by his predecessor, but adopted 
the ancient appellation, lÍEib. We are also indebted to the Swedish 
chemist for deep researches into the activity of this substance. It 
acts on casein alone, not on lactose or lactalbumin. 

A divergence of opinion still prevails as to the nature and 
course of this reaction, and we will therefore merely refer to the 
investigations made on these points by the undernamed workers : — 
A. Danilewsky and P. Radenhausen (L), W. Euglino (L), F. 
ScHAFFBR (11. ), E. DucLAUx (VIIL), M. Arthus and C. PAGks(L), 
A. S. Lea and W. S. Dickinson(I.), S.Rinoer (L), P. Walthkr(L), 
and A. Fick (L). Schreiner (L\ in 1877, showed that milk when 
boiled is no longer coagulable oy rennet, but the reason for this 
behaviour was not ascertained until eleven years later, when Fr. 
SOldner (I. ) f ound that the lab reaction can only proceed in the 
presence of soluble salts of Ume, which latter are precipitated by 
boiling. For the samé reason coagulation does not occur in milk 
that has been rendered alkaline ; and the most favourable condition 
is one of very slight acidity. The constitntion of this enzyme is 
still unknown. Its decomposinp; power is unusually high, one part 
by weight being (according to SoIdner) sufficient to throw down at 
least one hundred million parts of casein. As A. Mater (III.) 
has shown, the optimum temperature for the reaction is 37*" C, the 
coagulation taking three times as long at 25° C. Above 45 ** C. the 
enzyme is paralysed, and is destroyed at 70' C. Coagulation does 
not ensue immediately upon the addition of the lab, but only after 
a lapse of from several minutes to some hours, according to the 
temperature. 

The occurrence of this enzyme in Nature is by no means rare. 
It was found by Roberta in the stomach of birds, and in that of 
fishes by Benger, and is also present in the cell-sap of various 
plants, e,g. of butterwort {Pinguicula viUgaris and P, alpina)^ 
withania {Punceria coagulans), fig-tree (Ficus caricá), artichoke 
(Ct/Tiara scolimus), and others. It is also excreted by several 
species of Schizomyeetes, particulars of which will be given in the 



LAB-PRODUCING BACTERIA. 343 

íoUowing paragraph. For indiistrial purposes, however, there is 
only a single source (the richest) worthy of consideration, viz., ihe 
43tomach of the calf. The method of production indicated above is 
now practised on a manufacturing scaíe, especially in Copenhagen, 
whence most of the German ánd Dutch cheese factories derivé 
their supplies. The products are : Bennet Bointion, containing 
boracic acid to improve the keeping quality ; rennet powder, and 
£nally, rennet tabloids. The efficacy and germ-content of these 
preparations were investigated by Frttz Bauhann (L). 

§ 146.— Lab-Producing Bacteria« 

Milk may also curdle without previous acidifícation oř addition 
of rennet Haubnbk (L) in 1852 was the fírst to record this fact, 
and the first explanatory research was made by Duclaux (IX.) in 
1882. From his studies in this matter the latter concluded that 
this precipitation of casein (occurring with an alkaline reaction) is 
•due to the activity of certain bacteria which excrete an enzyme 
•resembling lab ; and Conn (IIL), in 1892, succeeded in isolating 
this enzyme from cultures of such Schizomycetea. At fírst sight 
the identity of this lab with the active ingredient in the rennet 
solution from the stomach of the calf appears probable, but the 
•discovery that the bacteria in question (whlch include many of the 
species belonging to the potato bacillus group, § 1 11) are able to 
«oagulate boiled sterilised milk, goes against this view, rennet being 
incapable of producing this reaction. 

The presence or absence of this power affords, in many instanceSy 
a valuable means of differentiation between two species of bacteria. 
This is particularly the čase with the organism producing abdominal 
typhus in man, viz. , Bacilltui typhi abdominaliSf discovered by Eberth 
in 1880, and already referred to in preceding chapters. This 
microbe is not endowed with the íaculty in question, whereas, as 
Jak. Ury (I.) has shown, a number of the putref active bacteria 
collectively termed Bacterium cóli commune, and greatly resembling 
the typhus bacillus in form, <&&, rapidly produce coagulation in 
milk. According to the researches of C. Gorini (I. and II.), Micro- 
COCCU8 prodigioms also produces this enzyme in large quantities. 

§ 147.— Casease. 

Kot infrequently the precipitation of casein effected by such 
bacteria disappears again after a short time. Duclaux ascertaiued 
that this new alteration is due to a second (albumin-dissolving) 
«nzyme, to which he gave the name of casease. The samé observer 
also discovered, in the čase of several species of Tyrothrix isolated 
from Cantal cheese, and of which a description will be found in 
Ghapter xxxi., certain bacteria gifted with the faculty of excret- 
ing both enzymes, the casein precipitant and the casein solvent. 
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B. Wabinoton (II.) as well examined a number of such species, 
and observed that they all liquefy nntrient gelatin. 

The ratio between these two enzymes differs in ihe vaiious 
species. A few produce the casein solvent alone, and when sown 
in milk do not precipítate the casein, but decompose it direct into* 
solable fission products, among which lendn and tyrosfn háve 
already been identified. In proportion as the casein disappears 
ihe milk becomes clearer, and is íinally quite transparent. 

The production and activity of both these enzymes are variously 
dependent on extemal influences, the one resembling lab being 
able to act only within narrow limits of temperature, whilst the 
other — the proteolytic enzyme — has a wider sphere of activity. 
The samé applies to the methods of nutrítion of the bacteria in 
question. A species examined on this point by Conn initially pro- 
duced both enzymes, but subsequently — after prolonged cultivation 
on gelatin — yielded the proteolytic one only; and by increased 
interference the production of the latter also can be restricted. 
WooD (I.) attained this object by adding, during several suc- 
cessive generations, a little carbolic acid to the nutrient bouiilon 
employed. 

The constitntion of casease has not yet been accurately de- 
termined, neither has any one succeeded in ascertaining whether, 
and in what respect, this enzyme differs from pepsin and trypsin 
— which it greatly resembles in action — nor wh ether the casein- 
dissolving enzyme produced bjr different species of bacteria is the 
samé in all cases. Wbighann (VL) states that he has isolated 
casease from bacterial cultures, and that this substance favoura 
and accelerates ripening when added to fresh cheese. 

The spontaneouB coagulation of milk without the co-operation 
of micro-organisms, the possibility of which was maintained by 
early workers, denied by lister, and íinally established as a fact 
by Meissner, was more dosely examined in 1887 by A, Levt (I.), 
who found that a very faint coagulation can be detected in all 
milk that has been left to stand for some time. The sediment 
deposited by such milk contains, however, only a small quantity 
of coagulated casein, the bulk consisting of small fragmente of de- 
composed colostrum. As the cells of this latter substance die ofiT 
a slight degree of acidification ensues, which causes the precipita- 
tion of a certain quantity of casein. 

The rapid curdling of milk so frequently observed during 
thunderstorms has not yet been satisfactorily explained. The 
opinion expressed by J. Libbio (I.) in 1890 will not bear investi- 
gation, and the assumption put forward, on experimental grounds^ 
by G. ToLOMEi (L), that it is caused by the action of ozone pro- 
duced by electrical discharges, rests on insufiicient foundation. 
The samé objection also applies to the views held by H. Gerst- 
MANN (L) on this point. 



CHAPTER XXV. 

LACTIC ACID BACTERIA IN DISTILLING, BREWING, 

AND VINIFICATION. 

§ 148.— The Spontaneous Aeidiflcation of Distillery 

Yeast-MaslL 

The preparation of the pitching yeast for distillery work is not 
such an easy matter as in the sister industry of brewing. In the 
regular course of the latter no speciál labour is required for the 
prodtiction of the necessary quantity of yeast, since in this čase 
the yeast settles down, as soon as the fermentation is at an end, to 
the bottom of the tun, and can then — after the immature beer is 
racked ofif — be ušed at once for " pitching " (t.e. inducing fermen- 
tation in) a fresh quantity of wort. The čase is different in 
distillery work, where the liquid to be fermented, instead of being 
thin and self-clarifying like wort, is a thick mash, in which the 
yeast cannot settle down. For this reason the distiller is obliged 
to prepare his pitching yeast in another way. He grows it arti- 
ficially in speciál vats, and, on this account, terms it ''artifícial 
yeast" For this purpose a sweet mash is prepared in a small tun, 
the quantity amounting to about lo per cent of the principál 
mash to be fermented. A more detailed description of the pre- 
paration of this yeast-mash belongs to the domain of Chemical 
Technology, and we will here content ourselves with briefly men- 
tioning that cnished green malt is mixed with water and gradually 
warmed to óy^-yo' C., then mixed with a (variable) amount of 
sweet " goods '' from the principál mash tun, and the mix ture left 
to saccharify for two hours at 70"* C. Before this medium is 
pitched with the yeast to be reproduced, it must, however, be sub- 
jected to another preliminary treatment known as "souring.'' 

The green malt is infested with a copious flora of various kinds 
of bacteria, chief among which are the species of the hardy organisms 
causing butyric fermentation. These spores are not killed by the 
aforesaid mashing temperature — which, moreover, for reasons con- 
nected with the preservation of the diastase, must not be exceeded 
— and therefore they af terwards germinate and increase, and pro- 
duce butyric acid. Now this acid, being a powerful yeast poison, 
would injure the development of the pitching yeast ; but since the 
injurious bacteria are themselves very sensitive to high degrees of 
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acidity, their development may be hindered by quickly makiiig 
the fresh mash decidedly acid. To attain this end the lactíc add 
bacteria are called in aid. 

The question now arises, How can the latter be cultivated 
without allowing the butyric ferments to gain the upper handí 
This can be secured by maintaining the optimum temperatoie, 
which for the lactic acid ferments now under consideration is 
between 47* and 52'' C, whereas the butyric ferments thrive best 
at about 40" C. The sweet yeast-mash is therefore kept at 
about 50" C. ; consequently the lactic acid bacteria develop with 
vigour, and the increase in their activity can be determined by 
titration. 

AVlien the operation progresses satisfactorily, the acid content 
rises with increasíng rapidity and attains 2.2-2.5 degrees of acidity ; 
i.e, 20 C.C. of the fíltered sour mash require 2.2 to 2.5 c.c. of 
normál alkali for complete neutralisation, a quantity corresponding 
to I. o- 1. 1 per cent. of lactic acid. When this point is reached, the 
mash is heated to 70" C. in order to kill the lactic acid bacteria, and 
is immediately re-cooled to 1 7'*-2o'* C. and pitched with yeast For 
the fírst yeast-mash of a new season a suflBcient quantity ^i kilo. per 
hectolitre of mash, ť.e. at the rate of i Ib. per 10 gallons) of a pure 
culture of a selected race of distillery yeast is employed. Such 
yeast can be obtained from the Berlin Experimental Distillery 
Station (Versuchsstation fiir Brennerei). At the expiration of 
some fourteen to sixteen hours the development of the yeast haa 
so far progressed that the contents of the vat can be applied to 
their destined purpose, a portion (about one-teDth) being, however, 
reserved, under the name of mother-yeast, for pitching the soured 
yeast-mash on the following day. The remaining nine-tenths of 
the prepared yeast are then transferred to the principál mash, 
whereby the latter not only receives the requisite amount of active 
yeast, but is also rendered acid, and is thereby better enabled to 
resist bacterial infection. This explains the old dictum of the 
distiller, " The more acid in the yeast, the less in the fermenting 
tun,'' because the greater the acidity of the mature yeast-mash, the 
lower the possibility of injurious (acid-producíng) germs developing 
in the principál mash during fermentation. The reason for this is 
that lactic acid reduces the vital activity of the microbes (butyric 
acid and acetic acid bacteria) now under consideration. The 
increase of acidity in the mash is employed as a measure of the 
progress of the fermentation. When the yeast is íirst added, the 
sweet mash exliil^its an acidity of o.5*'-o.7'*, corresponding to 0.2- 
0.3 per cent. of lactic acid, and this increases during fermenta- 
tion by 0.2' when the management is íirst-class, 0.3" when good, 
and by as much as 0.4" and more when the process is not properly 
carried out. 



ARTIFICIAL SOURING. 247 

§ 149.— Artifleial Souringr by the Aid of Pure Cul- 
tures of Laetie Aeid Baeteria. 

The credit of recognising the utility of souring the mash is due 
to practical distillers themselves, their experíence on this point 
having been gained by repeated experiments. It is only in recent 
years, however, that a closer insight into the chaiacteristics and 
actual value of this preliminary treatment of the yeast-mash has 
been obtained. Until lately the generally accepted opinion was 
that expressed by Schultk ih Hofr (I.), viz., that lactic acid is 
necessary, or at any rate favourable, to the conversion of the 
(insoluble and undiffusible) albuminoids of the wort into peptones 
assimilable by yeast. Delbruck's researches on this point failed, 
however, to reveal the presence of any appreciable quantity of 
peptones in the soured yeast-niash, and it is now certain that the 
favourable result is solely due to the relative toxic action of lactic 
acid. This acid acts much more quickly and powerfully on the 
development of the bacteria than on yeast, the latter being able 
to stand a fairly large amount of the acid without appreciable 
injury. 

The reader may well inquire from what source these lactic acid 
bacteria which cause the souring of the yeast-mash are derived. 
Until recently the answer was far from satisfactory, since it indi- 
cated that the matter was left to chance. The initial temperature 
of 70° G. in the yeast-mash kills the lactic acid bacteria already 
present therein, but not the spores of the butyric ferment; the 
subsequent development of the latter is, however, prevented by the 
restrictive temperature of 50"* C. raaintained during the souring pro- 
cess. The active lactic acid bacteria must, therefore, make their 
way into the mash from outside sources, e.g. the air, the vessels, and 
utensils, &c., so that the inoculation of the mash is left entirely to 
chance. Consequently it is not surprising to leam that the opera- 
tion frequently miscarries, failures being, under such circumstances, 
inevitable. 

We are indebted to Morawsky for the first improvement on 
this point Instead of waiting for the yeast-mash to become 
infected spontaneously by lactic acid bacteria, as in the ordinary 
course, he proposed to set aside about one-tenth of the soured 
mash before applying heat, and to add this mother-acid to the 
next day'8 mash as soon as the latter has been saccharifíed and 
cooled down to 50*" C. This inodifícation, although constitutíng a 
valuable improvement on the older method when once operations 
are in full swing, nevertheless does not positively guarantee good 
souring; and its deficiencies are most apparent at a time when help 
is most essential, viz., at the commencement of a new season. 
During the íirst few days after work is resumed, it often becomes 
apparent from the odour permeating the yeast-room that the sour- 
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ing is not progressing satUfactoríly, but that the mash ia rich in 
baijric acid. This is due to the faci that the lactic acid bacteria 
in the diatillery háve more or le«8 completely perished duríng the 
aummer while the works were shut down. 

To completely OTercome the difficulty, nothing must be left to 
chance, and the souring must be properly regulated by inoculating 
the sterilised and cooled yeast-mash with a sufficiency of a iraro 
cnltnre of lactic acid bacteria. Such a method was fírst intro- 
duced by the author at the Hohenheim Distillery, where it was 
tried with great success. The further treatment of this artifícially 
inoculated mash differs in no wise from the proceduře already 
described, i,e. when the souring is completed the mother-acid is 
removed, the bulk of the mash is heated up to 70* C, then cooled, 
aňd pitched with the prepared mother-yeast Ňext day a portion 
is tfÚLcn to serve as mother-yeast for a succeeding mash, and the 
remainder is added to the principál mash. If, through any mis- 
chance (unskilfulness or carelessness on the part of the distiller), 
the souring of a given mash proves defective, then no mother-acid 
is reserved from it, but a pure culture is ušed for pitching the 
yeast-mash on the following day. 

Although the species of bacterium now in question shares with 
the milk-souring bacteria the property of decomposing sugar and 
forming lactic acid, it nevertheless differs from them in more than 
one respect For example, the various species of the lactic acid 
bacteria in milk, so far as they háve been examined, are incapable 
of developing in mashes and worts under the conditions prescribed 
above. Morphological differences are also apparent at the fírst 
glance, the cells of the distillery-bacillus being long, alniost in- 
variably more than 2.5 /a, and very frequently attaining ten times 
this length, whilst the breadth remains uniformly about i /x. 
This microbe was isolated by the author in 1896 from a satis- 
factory yeast-mash prepared by the old souring method in the 
Lietzen Distillery (in the Mark Brandenburg), and received the 
name of Bacillua acidificana longissimua. 

On account of its powerful fermentative activity, tliis bacillus 
can also be utilised to advantage in the preparation of lactic acid 
for technical purposes. The dyeing and cloth-prínting industries 
in particular require continually inereasing quantities of this acid, 
the preparation of which by purely chemical means is at present 
a rather costly process, and can be more cheaply effected by means 
of lactic acid bacteria. For this purpose a sterilised unhopped 
beer-wort, rich in maltose and qualifíed with a sufficient addition 
of calcium carbonate, is inoculated with a pure culture of the 
bacillus and maintained at 50** C. When the fermentation is 
ended the liquid is concentrated, and the lactic acid separated by 
decomposing the calcium lactate formed. G. Jacqubmin (I.) pro- 
posed a simUar method, but gave no precise information concerning 
the nature of the ferment, and it is therefore uncertain whether 
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tbe oiganism is allied to, or identical with, ihe aboye-mentioned 
bacillus. Th(B method descríbed by K Dblaoboix (L) utilises, by 
a similar course of treatment, the sweet whey fonned as a waste 
product in dairíes. 

§ 150.— Effk^onťs Hydrofluorie Acid Method. 

It íb found impraqticable to protéct the íermentation of dis- 
tillery mash from injurious bye-fermentations by sterilising the 
mash before adding the pitching yeast, since such treatment would 
also kill the diastase, the continuance of whose saccharifying action 
duríng the fermentation cannot be dispensed with. Moreover, 
such sterilising would not be of much value, since it is practically 
impoesible to protéct such large quantities of fermentable materiál 
from subsequent infection by extraneous germs during the fer- 
mentation. The only course, therefore, is to devise some means 
of restricting the deyelopment of the invading organisms. The 
souríng of the yeast-mash is, as already explained, a method of 
this kmd. This method, however, was not based upon a recogni- 
tion of the true nature of the evil to be overcome, but is ratíier 
the result of multifarious experimente which fínally demonstrated 
that a strongly acidifíed yeast-mash affords a guarantee for the 
satisfactory progress of fermentation in the mash proper, and pro- 
tection from injurious bye-fermentations. Consequently, as soon 
as the anti-bacterial action of lactic acid was recognised as the 
actual agency at work in this process, ínvestigation into the suit- 
ability of other bacterium poisons for the purpose in question 
foUowed as a matter of course. Thus in 1886, U. Gaton and 
G. DupsTiT (I.) ascertained that an addition of o.i gram of basic 
nitráte of bismuth per litre of mash was able to keep the fermen- 
tation free from contamination. Many other investigators háve 
occupied themselves with the samé subject, from which it is 
isvident that the task is by no means an easy one. As a matter 
of fact, the antiseptic sought must, to be suitable, unitě in itself 
6everal properties. For one thing, it must be able to restrict the 
development of the Schizomycetes wíthout injuriug the yeast 
present at the samé time. Furthermore, it must not impart any 
evil odour or íiavour to the alcohol produced, and must, therefore, 
be non-volatile and remain behind in the distillation residue 
(grains) without being — in its actual condition of dilution — dan- 
gerous to the animals subsequently fed thereon. Finally, the 
«mployment of the bacterium poison should not entail any great 
expense. It is, however, difficult to find a substance capable of 
fulfilling the whole of these conditions. The metallic poisons, 
such as the aforesaid bismuth salt^ nmst be at once dismissed from 
consideration. The acid sulpliite of linie (calcium bi-sulphite), 
which has been frequently recommended, is rendered unsatis- 
factory owing to the partial reduction of its sulphurous acid, by 
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the fermentative organisms, to sulphuretted liydro({en, which apoila 
the odour of the alcohol, An addition of artificially preimred 
lactic acid to the mash Í3 too expensive, and its aubatitution hy 
minerál acids is, vith a siiujle exception, impnictícable, owiug to 
their injuriouB nctton on the yeaat. Up to the present only a 
aingla reagent haa proved useful, vii., hydrofluoric acid, which 
was introduced into distillery practice by .T. Epkront (IL). 

Tliis so-called liydrofluoTic process — t.e. tlie iiae oí thia acid, 
either in a free statě oř in the funn of salta, especially as am- 
monium fluoride — has already passed through two atages of de- 
velopment and given rise to a niimber of iiivestigatioDB and 
treatises, vhich will be fouud epitoniised in an esaay by H. 
Chatbliseait and A, Lebrasseur (I.). Efphont (I.) commenced 
his publicatiotiB on the subject in 1890. His initial propoBÍtioD 
was to add between 4 and 8 grams of HF per hectolitre (33 
galls.) to the niaah (treated in the usual manner) before pitcli- 
ing with the yeaat, this quantity being suíficient to prevent the 
development of injurious bacteria. 

Hydrofluoric acid aiirpasses all other minerál acids in its antí- 
liacterial powers, sloce, according to EfFront, 35 m.grma. of this 
acid per loo c,c. of wort will prevent the appearance of lactic 
oř butyric fermeiitation, wliereas 300 m.grma. of hydrochloric acid 
oř 300 m.grms. of sídphuric acid are necessary to produce the samé 
lesults. The butyric acid bacteria, being more susceptible to the 
influonce oí acíds, can be repressed by aa little as 10 m.grms. of 
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ŤhÍB originál hydroflunric anid process entjiiled no alteration 
in the custoninry method of preparing the yeaat, and in particular 
the souriDg of the mash remained uncbanged. Effront, how- 
ever, endeavoured to render this preliminary treatment supcr- 
fluoiia by modifying his method into the so-called new hrdroflnoric 
process by adding a BufScient quantity of hydrofluoric acid or 
fluoridcs to the sweet mash inatead of leaving it to sour spon* 
taneously. 

Here nattirally follows the question of the aetion of hydrofluoric 
acid on the vital activit; of yeaat. It has been proved that the 
suBceptíbility of tlie various races of yeaat to the influence of this 
acid diífera, a circumatance which explaina the irregulor (sometimea 
good, sometimes bod) teaulta yielded by the old procese. In dis- 
tilleries using very susceptible yeast the prescriiied addition of 
HF to the mash might not only be without any good result, but 
prohably even give riae to unfavourable symptoma, such as sluggish 
oř imperfect íernientation. 

The dificovery that cell-reproduction on the ono h and and 
fermentative activity od the other are aťlected in different degree 
íb an important one. According to Effuont (III.), the former is 
conipletely arrested by the addition of 300 m.grma. of KH^F per 
too C.C., nbereas the fermentative energy is merely reduced, noC 
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řtoppedy by this quantity. The samé authority has also showed 
(IV.) that yeast can be gradually accastomed to large additions of 
fluorme. In this manner a given yeast can be brought to with- 
stand an addition of 300 m.gniis. of HF per 100 cc. without losing 
its reproductive power. Doses below this limit — up to about 200 
m.gnns. per 100 cc. — retaid reproduction, but stimulate the decom- 
posing energy of the organism, and therefore lead to a larger pro- 
duction of alcohol. The yeast becomes so much accustomed to 
this stimulant that it is subsequently rendered incapable of 
unfolding its energies except when pitched in a mash also con- 
taining fluorine, the yield of alcohol being otherwise far below 
the normál standard. 

In practice the new hydrofluoric process is, in the main, carried 
out as follows : — For the preparation of the yeast-mash 4 parts per 
cent. (by volume) are taken from the principál mash (previously 
saccharifíed and cooled down to 30" C), and a suíBcient amount 
of hydrofluoric acid (or fluoride) added, this being followed by 
I Tolume of mother-yeast to each 4 volumes of mash taken. Of 
course, at the commencement of the season a suíBciency of pure 
culture yeast must be ušed instead. The amount of added acid is 
regulated by the kind of yeast in use, i.e. by its susceptibility ; but 
10 grams (say ^ oz.) of HF per hectolitre (22 galls.) of yeast-mash 
will generally suffice. After the addition of the mother-yeast the 
mash, which was pitched at 26° C, quickly warms up to about 
31** C, at which teraperatiire it is maintained. In this proceduře 
the older process described in the preceding paragraph is somewhat 
modifíed : the heating of the saccharifíed yeast-mash up to 70" C, 
which was there found advantageous, being, in the present instance, 
abandoned (since the injurious organisms are suppressed by the 
HF), as is also the separate addition of malt to the masL In 
addition to the properties already mentioned, hydrofluoric acid is 
also credited with exercising a favourable influence on the diastatic 
action, in that in presence of this acid a much smaller amount of 
the said enzyme suffices to hydrolyse a given amount of starch in 
a given time. The ratio of maltose and dextrin is also modifíed 
in favour of the former, as much as 96 parts of maltose being 
sometimes obtained per 100 parts of starch, whereas in presence 
of HCl (or H2SO4) the highest percentage of maltose amounts to 
75 (or 76) per cent., and in the absence of minerál acids to 74 per 
cent When the yeast-mash is matured (in about twenty hours' 
time), one-fífth is set aside to serve as mother-yeast for the 
succeeding mash. The residual four-fífths are incorporated with 
the fresh, saccharifíed principál mash, previously míxed with enough 
hydrofluoric acid (or ammonium fluoride) to make the (percentage) 
content thereof equal to one-half that of the yeast-mash. This 
proportion has been found to be sufficient ; and since high patent 
loyalties háve to be paid — to the '* Societo Generále de Maltose 
k Bruxelles," of which M. Eflront is director — for the use of 
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hjdiofluoňc acid for this purpose, the distiller will naturally avoid 
employing more than is absolutely necenary. 

Althougli hydrofluoric acid undoubtedly afforda a relialile means 
for combating bacterín, and can be uaed with advaatage to keep 
yeaat free frotii theae objectionable organiems, the čase is diffcretit 
whea the purification of a yeaat from uotitamiiiating wíld yeaata is 
in questiou. Efpront (V.) prescribed a method wbich lie tbouglit 
couid effect this httter purpose, but the sanie was showu by A. 
JfiKOBNBBN and J. C&. HoLU to be unreliable. Some íurther 
parliculars on this point will be given in a suitable pláce in the 
eecond volume. At present we will nierely atate that the hydro- 
fluoric acid process in uowise siipereedes the cmployment of pure 
culture yeast; on the contniry, the value of suuh yeast has bere 
been reveaied in a new light. 



I 



S 151.— The Lactic Acidiflcation ("Zickendwerden") 
of WIne. 

The Bijuriiig of wine and beer ia by no mcaiis a uniforni phe- 
nomenou, but may, on the cuntrary, appear in many forma. The 
moBt frequenl ia the vinegar taint, i.e. a partial couversíon of the 
alcohol into acetic acid by acetic acid bacteria. FuUer particulan 
of this evil will be given ia Chapter xxxvii, The aubject oí the 
present paragraph is the lactic acid taint, i.e. the production of 
acidity by lactic acid bactetia, and which is generally known in 
Germany as " Ziekendwerden." This is a not infrequent malady, 
and usuaily makes its appearance in company with other injurious 
changes. Even Pasteur clasaed it along ivith the so-called tominc 
or breaJEing of wine, nnd the expression "Vin tourmJ" is stilt 
applied in France to both phenomena, other terms being " Vin 
monttí " and " Vin qui a Ia iwusse." The course and chatacteristica 
of the malady are as foUow:— It mostly attacks young víntagee, 
occasionally appearing even in the lirst year. The wine turns 
tutbid, nnd the odour and flavour gradualJy become irritating like 
rancid butter. The turbidity increaaea by degrees to auch an 
extent that the wine has the appearance of diluted milk, thiB 
vhito break passing over ^lally, in many instances, into the 
stage of black break, the wine then being in the condition of a 
brown to inky black liquid. Concurrently with this change of 
coloui occurs a gradually increasing piecipitation of dark elimy 
maaaes — a phenomenon characteristic of this malady. The pre- 
sence of lactic acid in "Vina toutnóa" was detected by A. 
Ballard (I.) in 1861. J. BsitscH (I.) exarained four samplea of 
broken í" zickender ") wine for their acid content, and obtained 
the subjoine J reaults : — 
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Free acid, caL as tartaric acid 
Carbonic acid .... 
Acetic acid .... 
Lactic acid .... 



No. I. 



Por Mil. 

5-71 
0.09 

0.67 
2.37 



No. II. 

Per Mil. 

3-35 
0.05 

1. 00 

0.86 



No. IIÍ. 

Per MiU 

1.59 
0.05 

1-37 
1.73 



No. IV. 



Per Mil. 
825 
0.19 
0.88 
0.98 



The production of the two last-named acids was ascribed by 
Pasteur (XII.) in 1866 to the action of fission fungi. Experi- 
ence shows that vintages poor in acid, e,g. 1893 wines, are par- 
ticularly liable to the malady. Múllbr-Thuroau (I.) found such 
wines were always infected with a baciUus 1.2-2.0 fi long and 
0.3 fi broad, capable of forming lactic acid, not merely from sugar 
alone, but also from tannic acid and another (unidentifíed) con- 
stituent of wine. When inoculuted in must, this bacillus set up 
lactic fermentation. 

Musts that from any accidental cause háve been deprived of 
the whole or a great part of their acid content are therefore very 
susceptible to this kind of infection. Thus, Mach and Fortele 
(IL) report on a considerable occurrence of lactic acidity in South 
Tyrol, where, in the autumn of 1882 and 1883, the vineyards in 
the lowlands of Etsch vrere flooded, and the grapes became in> 
crusted with the carbonates of lime and magnesia. Gonsequently 
a considerable portion of the acid in the must became neutralised 
in the process of crushing, the immediate result being complaints 
of the appearance of lactic acidity. On the other hand, those 
grapes that had been freed from the incrustation of carbonates, by 
treatment with dilute sulphuric acid before crushing, escaped the 
malady. 

Here, as also in most other maladies of wine, the true cause of 
the evil is to be sought in the defective constitution of the liquid. 
If the presence of disease-producing germs were the sole essential 
factor, there would be hardly ever any good wine at all, because 
all grapes — and therefore all fresh must — are infested with a 
Tariety of species of fission fungi, both harmless and injurious. 
The researches of MOller-Thurgau (II.-IV.), Mach and Fortele, 
and Martinand and Eietsch (I.), conclusively proved this in 
many instances ; and yet, notwithstanding the (often considerable) 
infection thus produced, the must under normál conditions resists 
its foes so effectually that the matured and bottled sound wine is 
free from bacteria. This fact, demonstrated by Schaffbr and 
Frbudbnreich (IL), is so decisive that it was regarded by both 
these workers as an indication of purity, since the made wines 
examined by them invariably exhibited a larger or smaller content 
of bacteria. In future investigations on the subject of the diseases 
of wine, more attention will háve to be paid than has hitherto been 
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the čase to the natural susceptibility of the Mrine to infection. 
No known remedy exists for the lactic taint in wine, but Paa- 
teurisation may be recommended as a preventivě measure. 

§ 152.— The "Tuming" oř Beer. 

Although the term " turning/' as applied to wine, is not yet 
clearly defíned, still, in the čase of beer, only a single malady is 
understood by this defínition, viz., the undesirable appearance of 
lactic fermentation. Pasteur (III.) made several observations 
on ** biére toumée/' and traced the cause to certain físsion fungi, 
which he deseribed as long rods i fi broad and of varíable length, 
frequently joined together in chains. For a closer investigation 
of these we are indebted to H. van Laer (L), who in 1892 
obtained pure cnltures of this ferment, and named it SaccJiaro- 
bacilltm pastorianus, 

The commencement of this malady in beer is evidenced by a 
gradual decrease in the brightness of the (previously clear) liquid, 
which íinally becomes quite turbid, and gradually assumes an 
unpleasant smell and taste. If the sample be shaken, delicate 
waves of a fine thread-like character appear in the liquid, re- 
sembling in appearance the fine fílms produced at the plane of 
contact between two liquids of unequal densities. This appear- 
ance is so remarkable, that it sufiices of itself to characterise the 
malady. After a time there separates out a deposit, which Pasteur 
reproduced in Plate II. of his above-mentioned work, and which 
consists — apart from the yeast-cells, which may be disregarded — 
of a nitrogenous precipitate thrown down by the lactic acid, and 
of single cells and chains of SaccharohacUlua pastorianus, The 
latter are the cause of the aforesaid optical phenomenon exhibited 
when the liquid is shaken. Meat-broth gelatin is unsuitable for 
the pure cultivation of this físsion fungus, and it develops but 
imperfectly in wort-gelatin, so that slightly alcoholised malt 
extract agar-agar, in which the organism thrives, has to be em- 
ployed. The re-inoculations made by Van Laer into sound beer 
decisively proved the agency of Saccliarobacillus pastorianvs in 
the production of ** turning " in that beverage. It is, however, 
incapable of developing or becoming injurious except when the 
percentage-content of hop extract (ť.e. the hop resins inimical to 
bacteria) in the medium is small. This influence of the hop resins 
was, however, not further investigated by Van Laer. 

As its generic name implies, Saccharohacillus pastorianus 
ferments sugars, and especially saccharose, maltose, and dextrose, 
which it acts ui)on readily, but, on the other hand, ferments lactose 
with diíBculty. Saccharose is apparently transformed without 
inversion, since the presence of invertin could not be detected in 
the cultures. In media containing one of these sugars the bacillus 
produces inactive lactic acid, in addition to ethyl-alcohol 
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and a small qúantity of volatile acids (acetic and íormic acids), the 
proportíons varying with the kind of 8ugar and the conditions of 
cultivation. Given a sufficiency of sugar, the degree of acidity 
pioduced is then solely dependent on the composition of the 
remainder of the medium; in unhopped wort it amounts to as 
much as 1.26 gram (calculated to lactic acid) per 100 cc, whilst 
in hopped wort it does not exceed 0.27 gram. The development 
of the bacillus is not restricted by alcohol unless more than 7 per 
cent. of this substance is present in the beer. It thrives better in 
the warm, and consequently the malady is of frequent occurrence 
in summer in countries where the cellar accommodation is defec- 
tive. This explains the Flemish name "Zomerbier," applied to 
tumed beer in generaL The organism cannot survive continuous 
exposure to 55*'-6o° C. for a short time; consequently beer in- 
tended for export to tropical countries may be protected against 
risk of " tuming " by Pasteurisation. 

§ 158.— White Beer, Lambic, Ging^er-Beer. 

A low percentage of lactic acid is met with even in the best 

beers. It is derived partly from the malt itself, which contains 

on an average 0.05 per cent of this acid, but is chieíiy produced 

during the mashing process, the amount then developed being 

nevertheless small — ranging in normál beers between 0.05 and 0.2 

per cent. The nature and amount of the acids produced during 

the malting of barley, the kilning and mashing of the malt, and 

the boiling of the beer-wort, háve been investigated by R Prior (I.). 

In addition to the rod-shaped species already described, lactic fer- 

ments, in the form of globular cells developing into sheet colonies, 

appear in the malt-masL An acid-producing species of this class 

was examined by P. Lindnbr (I.), who named it Pediocoeens aeidi 

lactici, Its diameter is 0.6-1.0 fi, and the optimum temperature 

is about 40* C, but the organism is killed in two minu tes by a 

temperature of 62" C, and it does not thrive either in hopped wort 

or beer. — ^The spontaneous lactic fermentation appearing under 

certain circumstances in malt-mashes has been investigated, from 

a chemical point of view, by M. Hayduck (II.). The variety of 

the fission fungi developing in these mashes is very considerable, 

the fírst in point of size being the Sarcina maxima, described by 

P. Lindner (II.), the individual cells of the packet-colonies of 

this organism measuring 3-4 fj. in diameter. Attempts to obtain 

pure cultures of this, the largest species of sarcina, háve hitherto 

proved unsuccessfuL 

In many instances the appearance of a vigorous lactic fermen- 
tation in beer-wort is regarded with favour and its development 
encouraged. This applies to the so-called "Weissbier" (white 
beer). No careful bacteriological investigation of the acidifícation 
process, which plays such an important part in the preparation of 
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thia refreshing beverage, has yet been made. Posaibly Sofcharo- 
baciUu» pastorianus U concerned therein ; at preaent, iiowever, 
uothiug defínite can be atated 011 thia piiiut. 

A considerable amuuiit of acidity is produced in the Belg;iaii 
beera kuown aa Lambic, Faro, and Mars, beveťages prepared by 
apontatieous fermentation withuut any addition of yeasL The 
boiled and re-cooled wort is placed in barrela which are only partly 
filled, the emply internal apace comniunicating with the ext«mtď 
air by a amail apertuře. Sufficient yeast-ceUs to set up íernienta- 
tion are left adheriag to the walls of the casks froni the previoua 
fermentation, so that after a lapae of twenty-four hourá an evolu- 
tion of gas is alrtady nuticeable. In addition to alcoholic fermen- 
tation, iactic, and subaequently also acetic, fermentation aeta iii. 
L. v. D. Hui.LB and H. va.v Laeii (I.) publiahed in 1891 the 
resuita of a chemical inveatigation of thia matter, The more 
important of theae are tabulated below : — 



Ag« Df tha LaniNe. 



10 months 

1 1 muntha 
36 months 
47 motitha 






The beverage ia conaumed after a storoge period of three to 
five yeara, and, in ita matured condition, is known as "gveuse 
lambic." The acidity then amounts to about i per cent, and is 
masked by an 
addition of sugar 
immeiliately be- 
fore drinkin^. 

A apontaneoua 
Iactic fermenta- 
tion also occura 
in the caae of 
ginger - beer (to 
which reference 
haa already been 
made in § 64). 
The preparation 
of thia foaming 
ocid beverage, 
which ia largely 
consumed in England in the summer-time, is a very airaple matter. 
To a 10-30 per cent solution of augar are added a few pieces of 
gingei and a couple of granules of the ginger-beer plant, the whole 
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being then left to stand uncovered. The liquid soon begins to 
ferment briskly, is bottled at the end of twenty-four hours, aud 
consumed withiu the next two days. The so-called ginger-beer 
yeast was more dosely examined by H. M. Ward (II.). It 
consists of whitish translucent masses about the slze of a hazel- 
nut^ and is a inixture (Fig. 52) of a yeast, Saccharomyces 
pyri/ormis, and a fission fungus. The ceÚ-walls of the latter 
organism are gelatinised in a luanner with which we shall be- 
come acquainted later on, more particularly in the čase of certain 
fílamentous bacteria : the greatly swoUen outer layers of the cell- 
membrane becoming detached, but only so far as to constitute 
an independent outer čase or sheath enveloping the cell& This 
jacket either surrounds the cell along its entire length or else 
only along one side thereof, and is in some cases absent alto- 
gether. The breadth of the cell itself measures about 0,5 fi, and 
the length varies between 0.5 and '50 fi. The thickness of the 
sheath is often ten times greater than the diameter of the celL 
When examined under the microscope^ this thick envelope with 
its comparatively thín enclosure resembles a worm, and it is on 
this account that the name Bacterium vermifoime has been given 
to the fungus. 

The bacterium is shown in Fig. 53. It stands in symbiotic 
relation with the Saccharomyces pyriformia, so that the develop- 
ment of the one is facilitated by the presence and vital activity of 
the other. Ward also succeeded in artifícially constructing the 
ginger-beer plant from its two components. The chief products 
of this fermentation are carbonic acid and lactic acid, in addition 
to traces of alcohol and acetic acid. The lumps of the plant are 
kept in a statě of saltatory motion by means of the carbonic acid 
gas, and increose considerably in size during the fermentation. 
They are able to withstand desiccation, and shrink up on ilrying 
to form a bomy mass, in which condition they are stored for future 
use. The origin of the ginger-beer plant is unknown. 



CHAPTER XXVI. 

THE LACTIC ACID BACTERIA IN THE PREPARATION 

OF FODDER. 

§ 154.— Bpown Hay. 

Onb of the processes wherein micro-organisms play au active part 

for the preservation of juicy fodder, viz., that dealing with bumt 

hay, has abeady been noticed in § io6; and we will now briefly 

sketch a second and more generál practice, víz., the preparation of 

Inrown hay. As in the fonner oase, the warmth necessary for 

driving oflf the water in the fodder lias to be supplied by thermo- 

^enic bacteria. In addition to these, however, another seríes of 

organisms, converting part of the carbohydrates into lactic acid, 

butyric acid, &c., comes into play. The percentage of water in 

■the green fodder employed for making brown hay must be smaller 

than in that worked up into burnt hay. The materials (grass, &c.) 

are biiilt up into a rouml or square rick from 1 6 to 24 feet in 

diameter, and 13 to 16 feet high, well trodden down, and thatched 

in the roof to prevent the incursion of rain-water. At the end of 

about three days, spontaneous heating (" sweating ") will beconie 

manifest, and its progress can be conveniently followed by nieans of 

a metal pipe laid in the stack and containing a thermometer (pro^ 

vided with a couple of attached strings), which can be drawn out as 

required, for the purj>ose of reading olf the temperature prevailing 

in the interior of the heap. In proportion as the temperature rises 

^(ř^enerally up to 70" C, and frequently still higher), the mass begins 

to steam, and this goes on for eight to fourteen days, a further 

four to eight weeks being allowed to pass before the brown hay 

jcan be considered as íinished. The product forms a íirm, dry 

mass, the colour of which, under normál conditions, is between 

pale and dark brown, but is black when overheating has occurred. 

In point of cohesion this brown hay is preferable to air-dried hay, 

l)eing less brittle than the latter, but tough and suitable for fodder. 

Its odour is aromatic, and recalls that of freshly-baked bread or 

honeycomb. Com párati ve investigations into the chemical changes 

produced in this method of preparation háve been made by Dietrich, 

Moser, Weiske, and others. The results obtained by Dietrich are 

given below, since they afiFord materiál for judging the process 

from the Fermentation Physiologisťs point of view. A parcel of 

itftermath was divided into two portions, the one being worked up 
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into withered (air-dried) hay and the other to brown hay ; and an 
average sample oí each was subjected to analjsis : — 



Percentage 
CompoaitioD ot 


1 


Cmde 
Protein. 




Extractlre 

Jíon- 

Nltrogenoiu 

Matter. 

1 


É 

! 


i 


Cltric AcId. 


i 


i 


m 


3 ^ 


i 


Total. 

Pnrtlon 

Soluble In 

Water. 


a. Air-dried baj 

b, Brown baj . 
e, The latter ^ 

calcnlated 


15.0 
20.1 


9.8 
10.5 


30 
1.0 


2.9 


40.9 175 
21.9 9.0 


24.6 
28.1 


6.7 

7-3 


o.eó 

• • • 


• • • 

6.97 


• ■ • 

2.23 

1 


to the samé • 
water -con- 


15.0 


II. I 


I.I 


31 


23.2, 9.6 

1 


29.9 


7.8 


• • « 

1 


7.42 2.23 

1 


tent aA a . 

1 


1 





















A coniparison of tlie íirst and third Unes oí this table at once 
reveals the high percentage oí lactic acid and butyric acid in the 
brown hay, both oí which are eniirely absent írom air-dried hay. 
It will be evident, upon mature consideration, that the production 
oí these acids by bacterial activity does not occur in the centre oí 
the stack, since the temperatures (7o''-9o'' C.) prevailing there are 
such that only the passive reproductive íoíms oí these organisms 
are able to withstand. To obtain a correct idea, we must picture 
the changes occurríng within the stack as proceeding in the íollow- 
ing manner: the thermo-bacteria develop in the centre oí the 
mass and liberate heat which radiates towards the outside. Be- 
tween tliis hot centrál layer and the extemal strata exposed to the 
cool air lies a broad zone wherein the precise temperature (40"- 
50° C.) most suitable íor the developnient oí the acid bacteria in 
question prevails. The nietabolic products írom these organisms 
then gradually permeate the entire mass. The chieí materiál íor 
these íermentations is afíbrded by carbohydrates (starch), as may 
be seen írom the íoregoing table, according to which the air-dried 
hay contains 40.9 per cent., whilst the brown hay contains only 
23.2 per cent. oí non-nitrogenous extractive matter (starch, sugur, 
&c.). Oí the nitr«genou8 constituents, those soluble in water, i.e. 
amides and kindred bodies — oí which the brown hav contained 
I.I per cent. and the air-dried hay 3.0 per cent — are íor the most 
part consumed. The loss oí matter attendant on the preparation 
oí brown hay is calculated by Dietrich as about 14 per cent 

Brown hay exhibits one advantage over both air-dried hay 
and burnt hay, námely, that its preparation is much less dependent 
on the weather, a couple oí fíne days sufficing íor protecting the 
finished hay. These days can, however, be selected at con- 
venience, since the ricks oí brown hay can be leít untouched íor 
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a long time without dread oí spontaneous ignition. Hence thk 
method íb írequently employe<l in rainy districts, e.g. the North 
Sea littoral and the Austrian Alpe. It is, however, inadvisable to 
resort to this practice where good air-dried hay can be made from 
the green fodder at disposal, because the feeding experíments 
performed by G. Kuhn and others, and reported by Fr. Albert 
(L) and Fr. Falks (L), concordantly demonstrate that the pre- 
paration oí brown hay is attended with a considerable loes 
(amoimting to as much as 50 per cent. of the total) of digestible 
protein substances. 

§ 155.— Sweet Ensilasre. 

The preparation of brown hay is also partly dependent on the 
weather, in so far that a certain amount oí dryness in the materiál 
before stacking is essential. Now, in many cases, it is either 
practically impossible or economically disadvantageous to remove 
from the green fodder even the small quantity of water that must 
be got rid of in making brown hay. One instance oí this kind is 
afforded by the enormous quantities oí beet leaves avaiLible for a 
íew days only in each year (during the ingathering oí the beet 
crop), and another is the drying of the de-sugared slices oí beet, 
an operation impracticable in many places owing to the lack of 
the necessary costly drying apparatus. In such, and many other 
similar cases, putrefaction of the readily decomposable masses is 
prevented by subjecting them to an acid fermentation without any 
previous drying. Formerly this was effected exclusively in sQos 
■' — whence the term ensilage, current for this operation in England 
and France, is derived. 

According to the composition of the raw materiále, their water- 
content and method oí treatment, two classes of durable fodder 
are obtained, viz., green pressed fodder and sonr fodder. The 
main factor determining which of them shall be produced is the 
height oí the temperature attained, as the result oí spontaneous 
heaiting, in the mass. lí this does not exceed 40** C, then the 
butyric ferments develop along with the lactic acid bacteria, 
and a sour-smelling ))roduct, known as sonr fodder, results. 
More detailed particulars oí this are given in the next para- 
graph. 

If, on the other hand, the thermogenic bacteria develop vigo- 
rously in the heap, and thus cause the temperature to rise rapidly 
to 50* C. and remain there for some time, then the lactic acid 
bacteria develop by preference, overcome all their competitors, 
and exert a practically undivided sway. In this čase a duiable 
fodder is obtoined, whicli is almost entirely free from volatile 
acids and devoid of odour, or with a somewhat swectish smell, or 
which aceount it is known as sweet fodder ; though this name ii 
haidly correct, owing to the strongly lactic acid character oí thi 
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pnántL A moK intíuUe appeUatíon kas lattedj been besloved 
<« ti, rtsL, graem ff—gÉl íbddcc 

Thú yfif>:m <řrígíttmtod ín Eo^^and in 1885, nnder the name 
oí firert irwilaft, bot ibrooírh tine exf^anatvrT ueatÍBe wrítten br 
G« Fkt (L) beeam« laKmn on the ContiiMrnt, wbere ii was at fiist 
stjled Ťvf% Ť-ffl^'^ Tbe nameroiu ínTevtí^Oioiis to which 
ft waa tb«T« tubj^cted Ud to ímportant concluaíoiu; both of a 
etnemkal and practical naiture, wbicb were íullj reported bj Fb. 
AiJnntT(IL). Xerertbel^t, from tbe Fennentation Phjsiologisťs 
fioÍJit of TÍ«fr, uo adranoF; bas been made bejond tbe generál 
infonnatíon alre^y gíven bj F17. On accoont of tbis defiícíency 
we are oUíged to dismLss tbís proeeas (ímportant tbougb it in to 
agrkultaríiita) wítb merely a very Utm remarka. 

Km tbe name íticeif implíes, green vegetaUe snbatances, socb as 
waste beet leaves, clover, green maize, &a are ušed for tbe pre- 
paration of green pressed fodder. Si]<)s are unnecessar j, tbe materíals 
beíng stacked ín ttie form of a straw-tliatcbed cottage, tigbtnesH 
of paekíng lieing an iroportant feature. By suitable means (^.^. 
homontal l>eams wíth weígbted endi>, or simiUr stack presses) a 
contínuous beavy pressure is exerted on the stack, tbe amount of 
tbe pressure (>eíní^ a predoniinant factor influencing tbe degree of 
S[iontaneous beatíng produced. Should the temperatnre not rise 
quickly enougli, then the pressurt^ is moderated to admit air more 
freely to the therniogenic bactería. (>n tbe other band, if tbe 
temperature rises imtnoderately (beyond 70"* C), then tbe pressure 
is íncreased, the access of the air restricted, and the oxidising 
actívíty of the said organisms conscqnently diminished. The 
State of the intemal temperature is ohserved by meann of an 
ensilaí^e thermometer designed by £. Meissl, the scale of which 
projects from the FÍde of the stack. In a word, the stack is 
regulated in such a manner as to ensure the predominance of the 
lactic acid bactería, whereby, under normál conditions, a product 
of a green to oh've-green colour, and of an aromatic sweet flavour, 
is obtained The structure oř the vegetable matters employed is 
still distinguishable. A sample of this fodder, prepared from 
erimson clover, contained (according to Bohmer) 71 per cent. of 
water and about 0.36 per cent of total acids, of which 0.27 per 
cent. was lactic acid, and the remainder consisted of butyric acid, 
acetic acid, valeric acid, &c. In the researches recorded by Fr. 
An)ert the total acids (calculated to dry matter) in a sample of 
green presscd fodder, prepared from meadow grass and containing 
68.4 per cent. of water, amounted to 2.49 per cent., of which 
1.89 per cent. was composed of non-volatile acids (lactic acid). 

Wíth rí*gMrd to the lořses of matter inherent in this process, 
that consÍHting of carbohydrates need not be further dilated upon, 
since it is ovidently unavoidable, being intimately connected with 
^^'\ production of heat on the one band, and on the other with 

formation of lactic acid. Greater importance attaches to the 
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modifications effected in the albuminoids during the process, and 
these changes also afford a means for determining its value. The 
numerous researches made on this point all tend to prove that the 
conversion of green fodder into green pressed íodder is attended 
' with a subetantial loss of digestible albuminoids, the amount of 
the loss being in direct proportion to th^ watec-content of the 
fresh materiál. The ferments consume a large amount of the 
albuminoids initially present, and decompose them into amide 
compounds, ammonia derivatives, and even ammonia — all sub- 
stances of but little, if any, use for the nutrition of animals which 
are to be killed for food. In the cases reported by Albert, the 
amount of these matters eliminated ranged from 13 to 31 per cent. 
of the total nitrogenous matter (crude protein) present. 

§ 156.— Sour Fodder 

is prepared in pits some 40 to 80 inches in depth, and 80 to 1 20 
inches wide, the length depending on the quantity of fodder to be 
treated. The most important raw materials are the exhausted 
slices of beet-root from sugar-factories, fodder-beet, potatoes (pre- 
viously steamed), frozen sugar-beet, chaffed maize stalks, &e. The 
silo is tightly filled with these and covered with a layer of chop 
(chaff), surmounted with a thick stratům of soil, and over this 
again are laid boards, weighted with suířicient stones to produce 
a pressure of about 1000 kilos. per square metre (nearly 2000 Ibs. 
per square yard). Since practically no oxygen can penetrate the 
interior of the compressed mass, the activity of the thermogenic 
bacteria is very much impeded. Nevertheless, the temperature 
ríses to some extent, as a result of hacteríal activity, but not to 
anything like the degree attained in the čase of green pressed 
fodder, and, in fact, generally remains below 35** C. Observa- 
tions on this point were made by R. Schatzmann in a silo of 
•elliptical ground pian, and having a capacity of 37 cubic metres 
(1307 cubic feet). On the 2nd day after fílling, the intemal tem- 
perature regístered 26° C, and attained on the i6th day a maxi- 
mum of 34'' C. ; afterwards subsiding, so that on the 36th day 
23° C, on the sóth day 19° C, on the 86th day 12' C, and 
011 the io6th day 8** C. were recorded. Under such conditions, 
the heat-loving lactic acid bacteria could not be expected to gain 
the upper hand; and, as a matter of fact, a number of highly 
divergent fermentative organisms také part in the production of 
SOUT fodder, the percentage of volatile acids in the fodder being 
correspondingly high, and the smell consequently sour. In this 
process the loss of matter is still greater than was found in the 
čase of green pressed fodder^ and in an instance examined by 
Julius KUhn amounted to 23.4 per cent. of the total dry substance. 
The lossis principally borne by the non-nitrogenous extractive 
matter (carbohydrates, &c.), then by fermentable woody fíbres. 
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and fínally by the albuminoids, of which (in consequeuce oí tiieir 
converdon into amido-compounds) about 40 per cent. disappeared 
in the above-mentioned experiment (with soured green maize). 
In a second instance (beet slices), the loss was iS-62 per cent ; 
and in a third (soured beet leaves tested by O. Kellner), as much 
as 68 per cent. Although these high proportions of loss in the 
souring process are regrettable, it should not be forgotten that the 
íodder materials now in question would be entirely wasted unless 
utilised by means of this process, whereas, when so manipulated, 
a considerable proportion of their nutritive constituents can in any 
čase be preserved. This souring process can always be relied on 
to yield comparatively good results where all other methods for 
preserving a given fodder are impracticable or disadvantageoua 
To this advantage must be added, in many cases, an improvement 
in composition effected by the process, e,g, the reduction of the 
percentage of (purgative) oxalic acid in beet-leaves, observed by 
O. Kellner. Numerous researches on this subject háve been 
published, and the reader may be referred for further information 
to the summary of these investigations which appears in a useful 
treatise by Julius KOhn (L), dealing with the matter from the 
Agrícultural Chemisťs point of view. 

Granting that the sacrifíce of a certain portion of the given 
substance, in order to retain the rest, is inherent in this process, 
it by no means follows that the extent of the said sacrífíce cannot 
be reduced. The great íluctuations exhibited by the foregoing 
fígures, referrin^ to the amount of loss experienced, permit the 
assumption that an excellent sour fodder can be prepared with 
a smaller proportion of loss than the existing average. This 
opens up to the Fermentation Physiologist a new and valuable 
field of work, still unexplored. The fermentative nature of the 
souring process being acknowledged, it follows that the next object 
in view is the attainment of a clear insight into the physiology of 
this fermentation ; which knowledge will then facilitate the culti- 
vation of the ferments combining maximum efficiency with mini- 
mum consumption of materiál, and consequently capable of yielding 
the greatest proportion of best quality sour fodder. Attention 
should be directed to the artifícial inoculation of the silos with 
selected ferments, since the resulting improvements are of great 
pecuniary value to the agricultural interest. (The author estimates 
them as represented by an annual sum — for Germany alone — of 
several millions of marks, Le. shillings). These researches should 
also be extended so as to include the kindred process of aaner- 
krant fermentation, the preparation of which important food-stuff, 
on lineš practised from time immemorial, formed the prototype for 
the production of sour fodder. Little is known of the physiology 
of this method, the literatuře of the subject being restricted to a 
couple of brief reports which ascríbe the chief agency in the process 
to the lactic acid bacteria. 



CHAPTER XXVII. 

THE PART PLAYED BY BACTERIA IN TANNING. 

§ 157.— The Fermentation of the Plumping Soak. 

Thb preservation oí animal hides by simple drying Í8 feasible 
oniy when they are to be stored for some time and brought on 
the market in a dry statě. To accelerate this drying, the fleshy 
side Í8 in many instances rubbed over with arsenic or with common 
aalt. A íew investigations into the utility of the last-named sub- 
stance were made by F. Haenlein (I.). The bríttle solidity and 
fragility acquired by the hides in drying prevent their utilisation 
for practical purposes, and the more so because putreíaction sets 
in directly they are wetted. To remedy this deíect is the object 
of tanning, t.e, the conversion of hides into leather. Bacterial 
activity here comes into play at the outset of this operation, micro- 
organisms being necessary even in the preliminary treatment known 
as nnhairing. As is well known, leather consists neither of the 
outer skin (epidermis) nor of the iiext layer of mucous cells 
(mucous membráně), but of the third layer (composed of dosely 
interwoven cells), which, on this account, has been termed the 
leather (or true) skin (corium). Several methods of exposing this 
layer and simultaneously removing the hair exist, one of them 
being the so-called sweating process. In this operation the 
cleansed, soft hides are maintained at a moderate warmth in a 
chamber saturated with moisture — the sweating pit. Putrefaction 
quickly sets in, but is onIy allowed to proceed so far as to loosen 
the hairs and enable them to be scraped ofiP, along with the epi- 
dermis and mucous membrána A second method of unhairing is 
by liming or slackening, the hides being repeatedly steeped in an 
initially weak, but progressively stronger milk of lime. In the 
absence of investigation on the subject, it is still uncertain whether 
an active part is played in this operation — as is undoubtedly the 
čase in the sweating process — by bacteria, certain species of which, 
capable of resisting the action of the milk of lime, háve been dis- 
coveied in the liquor by J. von Schróder and W. Schmitz- 
DuMONT (I.). The result of both operations is substantially the 
samé, viz., the hair, epidermis, and mucous membráně are loosened, 
and can then be removed. 

In one respect^ however, limed hides differ from those slackencd 

by sweating. In the former čase, calcium carbonate has been 
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deposited in the intercellular spaces in the Lide, which is tlius 
rendered sotuewhat brittle and lesa pervious to the tanning liquor. 
This carbonate přeci piuite Ls removed by steeping the hidea in a 
pickle or *^ bate '^ consisting principally of a mixture of bran, barley 
groats, and the excrement of various aninials (dogs, fowls, pigeons, 
&c.) in a statě of acid íermentation. The chief, if not the sole 
raison ďétre of this process, which has been gradually developed 
through tentative experíments alone, has only been broiight to 
light in recent years. The íirst progressive step consisted iii the 
discovery, by Auo. Freund (I.) in 1871, that lactic acid is the 
chieí product of the spontaneous acid íermentation of wheat bran. 
This explained tlie íavourable result of the bating of lime-slackened 
hideSy the calcium carbonate being converted into the soluble cal- 
cium lactate, and thus washed out of the hides. 

Pickling, however, effects a second and remarkable alteration 
in the hide, causing it to swell up (*' plump ") to almost double its 
former thickness, thus loosening the cellular tissue and facilitating 
the subsequent penetration of the tannin. In order to make the 
raost of this advantage, it is generally the custoni to pickle even 
the hides that háve been unhaired by the sweating process, and 
which consequently do not contain any lime that needs to be 
removed. The object in this čase is to plump the hides, i,e. cause 
them to swell up, and this explains the term *' plumping soak '' 
applied to this acid liquor. This expansion of the skin is due to 
the action of the gases liberated in the fermenting liquor. The 
reactions occurring in this process are very diversified ; as might 
be expected from the large number of bacterial species present in 
the bran itself and in the added fsecal matter. Of these organisms, 
such as attack the carbohydrates develop most vigorously, these 
substances being present in large amount 

J. T. WooD and W. Willcox (I.) described one species of 
this kind and gave it the name of Baderium furfuris, The starch 
in the bran is hyd roly sed and converted into glucoses by an 
enzyme, cerealin — isolated from bran extract by J. T. Wood (I.) 
— and these sugars are then acted upon by the bacteria in question, 
organic acids and considerable quantities of gas being produced. 
In a sample examined by Wood (II.), i litre of the fermented bate 
contained 0.8 gram of lactic acid, 0.2 gram of acetic acid, 0.03 
gram of formic acid, and o. 01 gram of butyric acid. The dis- 
engaged gas was found, in different experiments, to consist of 
22-42 per cent. of COg, 28-53 per cent. of H, 24-26 per cent. 
of N, and 1-4 per cent. of O, the percentage of carbon dioxide 
increasing as femientation progresses. This fermentation is at- 
tributed by Wood and Willcox to the said bacterium, which they 
describe as short rods 0.7 /* long and 1.3 /* broad united to form 
chains, but not, so far as they could ascertain, producing endo- 
spores. The cell-walls exhibit a tendency to swell up. The 
organism is incapable of attacking solid or dissolved starch, and 
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consequently can only come into play when the cerealin has com- 
pleted ita diastatic action and converted the starch oí the bran, &c., 
into glucose. 

These discoveries must be regarded as a preliminary step to be 
foUowed by many others. The unappetising and (hygienically 
considered) objectionable use of fseces is shown to be unnecessary ; 
-and it would be advisable to endeavour to artificially " sour " the 
plumping soak by means of a sufficient quantity of actively fer- 
menting leaven prepared from pure bran.. 

The next step in bacteriological investigation in this matter 
should be to ascertain whether — as the figures above given lead 
one to suppose — pure lactic fermentation is the best form of fer- 
mentation for this soak. It should be mentioned, moreover, that 
the removal of the lime from the slackened hides by the aid of 
dilute minerál acids is impracticable, sinco it seriously impairs the 
quality of the resulting leather. 

§ 158.— The Souringr of Bark Liquor. 

For the actual tanning of the plumped hides there are, as is 
well known, three differeiit systems available, viz., alum- or white- 
tawing ; oil-tawing, or shamoying ; and bark-tanning — the last of 
which will now be briefly considered from a bacteriological stand- 
point. The chief tanning materiál employed in this čase is the 
bark of various trees (oak, pine, &c.), in addition to which gall- 
nuts, myrobolams, sumách, S:c.t are also ušed. 

Hides intended for sole-lcather are placed in a taiipit in such 
a manner that each hide is separated from its neighbour by a layer 
(a couple of fingers in thickness) of coarsely-broken fresh bark, 
mixed with powdered gall-nuts, &c. The empty corners and 
vacant spaces are packed with old spent tan, and the pit is then 
fíUed up with water. At the end of eight or ten weeks the hides 
are taken out and relaid in fresh strata of bark, and this operation 
is repeated (three or íive times) until the leather is impregnated 
with tan. There is no doubt at all but that the activity of 
microbes is also nianifested in the tanpit, but at present no 
hypothesis can be formulated on this point, there being no scien- 
tifíc foundations to build upon. 

Our knowledge of the reactions occurring in the bark liquor 
is, however, in a more satisfactory statě. All the thinner hides, 
unsuitable for sole-leathers, are steeped, not in the tanpit, but in 
an aqueous (cold-drawn) extract of tanning substances, known as 
bark liiiucr or ooze (Fr. jíiséey Ger. Lohbriihe), The actual pro- 
cess of tanning, i.e, the combination of tannic acid and phlobaphene 
with the fibres of the skin, does not concem us at present, this 
being a purely chemico-physical operation. One circumstance, 
however, deserves brief mention bere, and that is the subsidiary 
phenomenon of the gradual sonring of the bark lianor. This 
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change, well known to all tannere, was fírst chemically investi- 
gated by H. Braconnot (L), who, in 1832, discovered in soured 
bark liquor an aciJ which — as little was then known of the pro- 
perties oř lactic acid — he considered to be a new, hitberto nn- 
discovered acid, and therefore named it '* acide nancéique," aíter 
tbe tovm of Nancy, where the discovery was made. Tbis acid was, 
however, quickly recognised by L. Gmelin as lactic acid. J. Wladika 
(I.) in 1890 sbowed tbat volatile, as well as non-volatile, acids are 
present in old spent bark liquors, the former consisting cbiefly of 
acetic acid and the latter of lactic acid. Tbe reader will bavě no 
doubt tbat the reduction of these acids (whicb are not present in 
tbe "sweet" liquor) is attributable to the activity of micro- 
organisms, which are bere present in abundance, Haenlbin (IL) 
having found no less thnn 60,000 bacteria (along witb a few 
budding fungi) in the liquor prepared from, and corresponding to 
I ni.grm. of, Silesian oak-bark. Tbe acids are produced from the 
saccharine constituents of the bark, a fact already evidenced by 
the researches of B. Kohnstein (I.) and J. von Sghroeder (L), 
who sbowed tbat in proportion as the sweet liquor becomes sour, 
so the percentage of these sugary constituents decreasea In 
practical working their initial quantity is found to be from 0.3 to 
0.8 gram per litre. 

A fission fungus named Bacillns corticalis, and recognised as 
an active participant in the souring of bark liquor, was dis- 
covered by Haenlein (III.) in large quantities in sour pine-bark 
liquor, as also in the fresh pine-bark. Tbis uiicrobe appears in 
the form of short rods, 0.7-1 /i broad and one and a half to 
twice these dimensions in length ; at the i)eriod of active repro- 
duction the individual cells are connected into many-jointed 
chains. The bacillus thrives on nutrient gelatin, nutrient agar- 
ajjar, and slices of potato, and requires but vory little nutriment. 
Being able to withstand desiccation, it remains alive in bark, 
where it is found in large numbers. It lias a great aířinity for 
light, and grows more freely when illuminated than in the dark, 
though it Í8 still capable of performing its vital functions under 
the latter coiidition. It thrives most vigorously at 30*'-40° C, 
and ceases to develop below 5** C. ; in babit it is facultatively 
anaerobic, i.e. oxygen is not essential to its growth. Its most 
imjxírtant property, so far as we are now conceriied, is its be- 
haviour towards sugars, of which it acts upon dextrose as well as 
saccharose and lactose, and produces, in addition to acids, a con- 
siderable quantity of gas, com posed (in one čase investigated) of 
95 per cent. of hydrogen and 5 per cent. of carbon dioxide. 
Tannin is not attacked by tbis niicrobe, a fact confirmed by the 
observation made by J. von Schrokder and A. Bartel (I.), tbat 
the percentage of tannin in the liquors undergoes no alteration on 
standing or during storage. 

Tbe acidity of tanning bark liquors amounts to 0.25 gram 
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(leckoned as acetic acid) per litre, and is, as the prevíously men- 
tioned researches oí Wladika háve showu, mainly due to lactic 
acid, tbe presence oí which acid has a favourable influence on the 
qoality of the leather. According to J. Passler (I.) a leather 
tanned with pure tannin handles poor and hard, but is rendered 
soft and supple by the acid gradually formed in the bark liquor. 
It is therefore easy to understand wliy the tanner likes to see his 
bark liquor turn sour, and even attempts to favour and accelerate 
ihis statě of things by mixing with the fresh liquor some of an 
older, already soured batch ; thus unwittingly inoculating it with 
a culture (in any čase impure) of acid bacilli. Whether this 
microbe also acts in other ways is at present unknown, but is a 
subject worthy of investigation. This applies particularly to the 
liberation of gas in bark liquors, which, according to Haenlein's 
researches, amounts to 1-2 c.c. per gram of pine-bark. Important 
researches on the dependence of the normál progress of this souring 
operation on extemal conditions were niade by F. Andrea80h(I.). 
Although BaeiUua eorticalia is by no means the oniy species 
found on pine-bark, still the composition of the bark liquor is 
specially favourable to its development It is therefore probable 
that in the liquors prepared from other (and especially tropical) 
tanning materials, other (but allied) species will be found, not only 
because the bacterial flora of these materials (grown under other 
conditions) is different, but because these latter difler in chemical 
composition from our indigenous tanning bar ks, &c.^ and conse- 
quently favour the development of other species of bacteria. J. T. 
WooD (III.) has described the micro-organisms present in sumách 
infusions. — In conclusion, it may be remarked that the process of 
tanning still presents a very profí table fíeld of research to the 
Technical Mycologist. 



SEOTION VII. 

THE FORMATION OF MUCUS, AND ALLIED 
PHENOMENA OF DECOMPOSITION. 

CHAPTER XXVIII. 

THE IMPORTANCE OF BACTERIA IN THE 
MANUFACTURE OF SUGAR. 

§ 150.— The ZoogrlcBa of Leuconostoc Mesenterioides. 

In the manufacture of saccliarose there are occasionally formed 

certain masses of <^'elatinou8 mucus, for the most part merely small 

colourless oř reddish aggloinerationi*, resembling frog spawn in 

appearance, but, under speciál conditions, increasing to masses 

exceeding a cubic foot in diiiiensions. Attention was first drawn 

to them by C. íScheibler (I.), who, in 1874, subjected them to 

chcmica] examination, the result of which indicated the presence 

of dextran, a carbohydrate first discovered by him in the plasma 

of unripe sugar-beet. Scheibler, in fact, regarded this mucus as 

expressed beet plasma; but this opinion (which was also shared 

by E. Fbltz (I.)) was very soon opposed, P. Jubbrt (I.) having 

shown, a few months later, that these gelatinous lumps (known 

in France as " gomme de sucrerie ") continue to develop in sugar 

Solutions. From this he concluded that they are not extravasated 

beet plasma, but a ferment (a **plant," as he expressly stated), 

whose reproductive power he succeeded in arresting by means of 

carbolic acid. The microscopical examination of the mass, how- 

ever, as first made by F. Mendes and J. Bobschtsohofp (I.), led 

at the outset to no satisfactory elucidation. For an accurate 

knowledge of the true statě of the čase we are indebted to 

L. CiENKOWSKi (I.), who, in 1878, proved that the mucous masses 

in question are composed of bacteria with extraordinarily swollen 

and gelatinised cell-walls, which cause the individual organisms to 

adhere together and form the aforesaid large masses, whose super- 

ficial convolutions frequently resemble those of the mesentery. 

Iníluenced by Billroth^s publication on Coccobacteria septica^ and 

in view of the name Aaeococcvs Billrothii given by Cohn (II.) to 

a mucus-forming fission fungus, Cienkowski called his microbe 

Ascococcua mesenterioides, The forma of cell which he detected in 

970 
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B higbly diveraífied : Coccus, 



vith those of the blue-green u 



these mucinous lumps he described a 
Bacillus, Vibrio. 

In tfae aame year, Van TiBOasu (VII.) publiahed a reseatch 
ou the organísm producing these muchious massea, agreeing with 
his Bussian colle^ue as to ite vegetable nátuře, though with 
reapect to ita poaitton in tbe botanical syatem be beld other views. 
According to his observationa, the develnpment and reproduction of 
thia microbe barmoiiis ' " ' ' - ■ ■• 

cellular algie of the 
geauB Noatoc, that he 
felt obhged to call 
it "white" (chloro- 
phyll-free) ííostoc, 
and bestowed on it 
the new generic 
natue of Leueonm- 
toe. Contrary to 
the obeervations of 
Cieakowaki, who 
ascribed a copioiia 
polymorphiam to 
thie fisaion funf,tis, 
Van Tichem could 
only discover globu- 
lar cella, aa shown 
in Fig. 54 (which 
ia niade up fruiu 
the drowings in tlie 
originál treatise, and 
is bere reproduced 
on occoimt of ita 
historie intereat). 
Since, bowever, tbe 
reaearchea of tbis 
French worker weie 
not perfonned with 
pure culturee, we caonot go moie dosely into tbe details of this 
illustration. 

It was not until 1891 that a tborougbly satisfactory bacterío- 
logical investigation waa made — by G. Liesbnbbrq and W. Zopf 
(I.) — on this organism, In tbe interim, tbe samé gelatinous 
massea had also been observed in Indián cane-eugar factoriea by 
H. WiNTSR (I.). Adhering to the existing n omene latu re, tbe two 
firat-nanied wotkera showed that Leueonogtoc vteeenterioides bas 
only one morpbologicat form, viz., a coccub of 0.8 to i.o /i in 
diameter. This discoveiy in no wise detracts from the accuracy 
of Cienkowaki'a observations, for it muat be remembered that be 
did not bavě pure cultures at his disposal, but examined a sample 
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of the gelfltinoua masa, whieh írom its nátuře was very likely to 
háve become iiifected by any tiumber of fiaaion fungi duriog its 
■al froni the sugar-works at Orlovetz to the laboratory of 
Charkow. 

The diacoverios made by Lieaenberg and Zopf that this inicrol)6, 
wheii grown in oř iipon nutrient media free froni caae- oř grape- 
augar, does not develop a inucinous envelope, but growa in chains, 
and conaequently assumaa 
the streptococcuH form 
(Fig. 55), are entirely 
_ , _ ^g. . D - « -m ^^^- Such nutrient 

f«iÍ*í ^*»^\ media are :So/trf-potato 

^^3£| é^ Blices, pcptoniaed meat- 

* I *na broth gelatin, milk gela- 

tin, maltose gelatin, on 
all of which it develops 
merely a thiu pellicle 
without any fomialion 
of mucua ; Liquid^iaUk 
and bouitlon, in which 
merely a fine sediment 
of cclls is depoaited. If, 
hnwever, a sniall portion 
of such a culture o( non- 
niueinous calls be trans- 
íerred to a medium 
conbiining aaccharose oř 
dextrose, the fonnation 
of mucus quickly enaiies. 
Uoder theae condítiona 
there then develop (oQ 
slices of carrot, in par- 
ticular) large zooglceB, at 
firat dry, like cartilage, 
but afterwardfi becoming 
aofter and resembling 
lueaentery in appearance. 
Under tho microscopa 
it appears aa ehown in 
Fig. 55. Thecells, olways 
globular, are invariobly arranged in pairs, i.e. as diplococci. Tha 
greatly swollen mucinous capsulea of the individual cella gradually 
coaleace and fonn agglomerations of conatantly increasing eize, 
in wliich tha diplococci are enclosed. Locomotion could not be 
detected in any čase. 

Not only was CieQkow3ki'a work corrected by the researches 
of Liesenberg and Zopf, but the samé fate alao befell some of tha 
statements made by Van Tieghem. The latter thought he had 




, Ii. ctutni and banda af tlis non-capauled T«r[iity, 
pouta coltiire : c, r. e-"- — '•'■ - '-■' 

paliotceUiiii 
Jolnlng thelr cením, and hvnce appean u a 
almplB četl, not aa a diplococcua. Tha ibadlng 
'- - - menlr IndluaW* tlie oonflguraUon •>! tha 
-^ntlotit, and not a itratlacatinn ot tha 
Magn. aboat isoa (Afíer Líetmberjj 
atvt Zopf.) 
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detected endospores in his Leueonosioc, and asserted that in un- 
favourable media aome oí the cells increased in size, and fonned 
spores 1. 8-2. o fi in diameter, the walls of which coincided with 
ihose of the mother-cell. No. 9 of Fig. 54 shows two such 
cell-chains, each of which exhibits two enlarged members wherein 
spore íormation has just commenced. When transferred to a 
favomahle medium, these spores were sald to burst their solid 
membráně and then reproduce themselves by físsion. Liesenberg 
and Zopf were, however, unable to discover such spores, and in 
any čase their presence would be unímportant, since the organism 
already possesses in its mucinous envelope an excellent meons of 
protection against adverse influences. Owing to this envelope it 
Í8 able — so Liesenberg and Zopf found — to withstand threo and a 
half years' desiccation in the air, and to resist the influence of <iry 
heat at 100** C. for over five minutes ; whereas the naked modifíca- 
tion, growing on sliced potatoes, succumbs after five minutes' ex- 
posure to a temperature of 75*" C. Like other fungi, however, it 
íb much less able to resist vioisř heat (steam, heuting in liquids), 
the envelope boing readily penetrable by moist warmth. On 
warming a culture of the gelatinous form in a nutrient solution 
up to SS"" C. in forty-three minutes, and keeping it at that 
temperature for five minutes, all the cells were killed, whereas 
a temperature of 86''-87'' C, under otherwise identical condi- 
tions, produced no injurious effect. The naked variety showed 
itself even somewhat more susceptible ; nevertheless, Leuconostoc 
meserUenoides must be classitied among the heat-resisting bacteria, 
by virtue of which property it is enabled to appear in the hot 
diffusion battery and juice conduits of the sugar-factory. The 
samé faculty of resisting heat may also be utilised in preparing 
a pare culture of the microbe : the sample (a gelatinous lump in 
a solution of sugar) destined for this purpose being kept for a 
quarter of an hour at 75* C, by which treatment most of the 
extraneous germs (adherent to the mucus) are killed, Icaving the 
Leueonostoe unhurt. 

§ 160.— Physiology of Leuconostoc. 

The mucinous envelope is soluble in zinc iodochloride, concen- 
tnted sulphuric acid, strong caustic potash or soda, or in baryta 
water, but potassium iodide or iodosulphuric acid produce no notice- 
áUe alteration. This fact by itself proves that we háve not in 
thifl čase (as was supposed by A^an Tieghem) to deal with cellulose. 
A beautiful double staining can be produced by fírst treating the 
coYer^lass preparation with dahlia-violet, which stains the cocci 
alone, aud then immersing it in an aqueous solution of rosolic acid, 
which Í8 absorbed by the mucinous envelope, the latter then sur- 
nmnding the blued cells with a rose-red halo. Preparations of 
is kind sometimes exhibit a scaly stratification of the envelope, 
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the ezplaňation oí which is dear: tlie outer layer of the cell 
membráně swells iip, detaches itself, and now encloses the cell on 
all sides, so that when this procese has been repeated several 
times the envelope continually increases in size, whilst the dimen- 
aions oí the bacterial cell itself remain unaltered. By softly 
pressing the cover-glass of such a zoogloBa preparation the celk 
can be íorced out of their inucinous envelopes. 

As already remarked, the substance of which this envelope con- 
sists was stated by Scheibler to be dextran, an opinion also shared 
(as the result of anály tical experíments) by P. Daeumichbn (L). 
If, however, we consider the roeans by which these chemists 
arrived at their discoveries, doubts will arise as to the accuracy of 
their conclusions. In all attempts, made by macrochemical means, 
to determine the composition of the vegetable cell membráně, the 
samé difficulty is encountered, viz., the solution and removal of 
the cell contents. In order to attain their object, the reagents 
employed for this purpose must penetrate through the cell-wall, 
and since they come into contact with it whilst still in all their 
pristine strength, they decompose it more or less etfectually. When 
the lixiviation of the cell contents is completed, then the pro- 
duct remaining behind for ultimate analysis caunot be considered, 
in point of composition, as unaltered cell-membrane substance, 
though its form may be still unchanged. This applies to the cuse 
now under consideration. In order to obtain the substance of 
the mucinous membráně in a pure condition Scheibler boiled the 
gelatinous mass (freed from adherent sugar) with milk of lime, 
and found that only a small portion was dissolved. This fact of 
itself bears evidence against the (chemical) uniformity of the 
substance of the mucinous envelope of Leuconosioc, It is also 
probable that even the dextran recovered from the lime extract 
is a decomposition product of a more readily hydrolysed constituent 
of the said membráně. 

The behaviour of this físsion fungus towards sugars merits 
speciál consideration. It has already been stated that the forma- 
tion of mucus occurs only in such nutrient media as contain grape 
or cane sugar, the other carbohydrates, tested on this point by 
Liesenberg and Zopf, being found unsuitable. Leuconosioc mestn- 
terioides produces invertin, which then splits up the cane-sugar ; 
so it may be surmised that the development of the gelatinous 
membráně can only occur in presence of grape-sugar (and perhaps 
also fructose I). This does not, however, imply that lactose, maltose, 
and dextrin are unaffected by this íission fungus ; on the contrary, 
it ferments them and forms lactic acid, a faint evolution of gas 
being at the samé time noticeable. The presence of a small quan- 
tity (3-5 per cent.) of calcium chloride in the nutrient medium 
favours the production of mucus and the fermentative activity of 
the organism, the latter being brisker when oxygen is excluded. 
The optimum temperature for the development of this microbe 
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being between 30"* and 37° C, it is evident that in order to kill 
this pěst the juice in sngar-factories must be kept at higher tem- 
peratures. Leuconostoc consumes a certain portion of the cane- 
sugar, and as it also produces invertin, which forma invert sugar 
— the presence of which is well known to seriously retard the 
crystallisation of the cane-sugar — another source of loss to the 
sugar manufacturer arises. Molasses naturally forms a highly 
suitable nntríent medium for this microbe. The speed at which 
it increases therein is reported (from practical experience) as 
foUows by K Durin (I.) : A wooden vat, previously ušed as a 
recipient for beet-juice, and the walls of which were covered with 
a thin 61m of mucus (t.e. zooglcBa of Leticonostoc) was charged 
with 50 h.L (i 100 galls.) of neutral molasses. At the end of 
twelve hours the whole of this had become converted into a muci- 
nous coherent mass. This microbe also gives rise to mischief in 
the refineries as well as in the raw-sugar works. F. Strohmbr (I.) 
mentions such a gelatinous molasses derived from a colonial sugai^ 
refínery, and which yielded a pasty sediment consisting of the 
zooglcea of Leuconostoc mesenterioides on dilution with water. It 
should be remembered, when determining the sugar content of a 
molasses by polarisation, that the mucinous envelope of Leuconostoc 
is optically active and deflects the beam of polarised light three 
times as much as an equal weight of saccharose. 

It may be mentioned as a curiosity, that E. Durin — ^who re- 
garded the chief component of the mucinous masses of Leuconostoc 
as cellulose — took out a patent in France (Feb. 14, 1876) for the 
"conversion of crystallisable sugar (== cane-sugar) into cellulose, 
and any uses (preparation of starch-sugar, dextróse, gun-cotton, 
oxalic acid, &c.) to which 
this cellulose may be 
applied " (Breveté sans 
Qarantie du Gouveme- 
ment /). 

A físsion f ungus rank- 
ing along with Leuco- // li ^^"^^^^^^ 

nostoc in so far as its y/ CV I " "^^T^ 

importance tó the sugar C~^ 
industry is concerned was 
exarained by A. Koch 

and R HosAEUS (I.). Fio. 56.-Bacteriam pedlctilatum. 

In a certain sugar- works The mucinous envelope developed on one side only, in 

the syrup destined for ^^^'rí Ž. 'tfS^f ^'^- ""■ <^ ^- 
working up into second 

product was found to contain gelatinous masses resembling the 
zoogloea of Leuconostoc^ but consisting of another species of 
bacterium, shown in Fig. 56. The speciál peculiarity of this 
microbe is that the swelling of the membráně is unusually great 
and extensive on one longitudinal side only, so that a long 
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peduncular mucinous thread is gradually formed in this direction. 
On this account this físsion f ungus was named Bcicterium pedieu* 
latum. Unfortunately, it could not be obtained as a pure culture. 
In respect of this peculiar unilateral gelatinisation of the cell 
membráně it is not nnique ; the Bacterium venni/omie (the chief 
constituent of ginger-beer yeast, shown in Fig. 53) and also a 
fission fungus {Nevskia ramosá) discovered by A. Faiiintzin (I.) 
in aquarinm water, hayipg similar characteristics. Moreover, in 
the algsB, forming the neighbouring group to the bacteria, and 
especifdly in the diatoms, many genera, e,g. OompJwnema, exhibit 
well-developed and branched gelatinous stalks. 

§ 161.— Mucinous Fermentation and Inversion. 

The faculty of rendering sugar-juice mucinous is not restricted 
to the two microbes just described, a number of other species being 
now known to be capable of working similar injury. They, how- 
ever, differ from the former in one characteristic, which, though 
unimportant for the practical man, is nevertheless not without inte- 
rest from a physiological point of view. The gelatinisation of 
the nutrient media infested by the microbes described above must 
be characterised as direct, since it is produced by the swollen cell- 
membranes of the organisms themselves. Conversely the gelatin- 
forming property of the species now to be described is an indirect 
one, it being here a question of the conversion of sugar (outstde 
the cell) into the mucinous matter which A. Béchamp (II.) pro- 
posed to call Viscosa In fact, we háve to do with the actiial 
production of mucus, whereas the former čase was one of zoogloea 
formation. 

E. Kramer (II.) in 1889 described a Bacillus viscostia sacckari 
which belongs to this second group. The cells are rod-shaped^ 
I fi thick and 2.5-4 /x long, united into many-jointed chaiiis; 
neither locomotion nor endospore formation could be detected. 
The organism thrives only on neutral or faintly alkaline nutrient 
media, and in these it produces, in presence of cane-sugar, a mucus 
having the elementary formula CgHjQOg. No swelling oř gelatini- 
sation of the cell membranes occurs. The optimum temperature 
for the reaction is 22" C, but beet-sugar juice will become changed 
to a viscid mass in one or two days at the ordinary temperature. 

Fritz Glaser (I.) described — as Bacterium (/eloHnomm hetce 
— a fission-fungus discovered by him in mucinous beet-juice. 
Already by its active motility this species differs from the others 
we háve described ; and the samé applies to several other char- 
acteristics. It does not develop in neutral 10 per cent. molasses, 
unless the medium has been previously qualified with a little of 
the precipitate thrown down by alcohol from beet-juice — ť.e. phos- 
phates, &c., of alkaline earths extracted from the molasses during 
the separation and saturation of the sugar-juice. The chief pro- 
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ducts of the decomposition (preceded by inversion) of cane-sugar 
by this organism are mucus and amyl alcohol. The former is 
identical in properties with dextran, and is soluble in warm dilnte 
acids and alkalis, but insoluble in baryta water or milk of lima. 
An acid odour is evolved during this fermentation, but no lactic 
acid is formed. 

The niunber of species of bacteria capable of interfering with 
the normál course of sugar mannfacture is by no means exhausted 
with the ezamples mentioned above, but owing to the paucity of 
observations on this point no further reliable particulars can as 
yet be given. Consequently the subject presents an admirable 
lield for bacteriological research in order to elucidate the causes 
and prescribe remedial measures for mucinous fermentation. It 
is well known to sugar-makers that the percentage of invert sugar 
in molasses increases during storage (sometimes for months) in the 
80-called reserves, and they are also aware of the decomposition 
occurring in stored raw sugar and resulting in the formation of 
invert sugar. Now the faculty of excreting an inverting ferment 
is not very widespread among bacteria. For a comprehensive in- 
vestigation on this point we are indebted to C. Fermi and G. 
MoNTESAKO (L), who examincd about sixty (some of them patho- 
genic) species of bacteria, but found only four, viz., Bactllua 
megcUherium^Bacillusfluorescens lique/aciena, the red Kiel BacUlus^ 
and Próteus vulgaris, capable of producing invertín in saccharified 
bouillon. Experiments which háve been made by A. Herzfbld 
and U. Paetow (I.), on the prevention (by hydrofluoric acid and 
alkali fluorides) of inversion in molasses, lead to the hope that 
these antiseptics may prove useful in many cases. Further re- 
searches on this subject are highly desirable. — The nitric fer- 
mentation of molasses will be briefly mentioned in Chapter xxx. 

Sugar-juice and raw sugar are occasionally infested with higher 
fungi as well as with bacteria. For instance, A. Herzfeld (I.) and 
A. B. Frank (I.) report the occurrence of a red pigmentary fungus 
in raw sugar. They found (in an after-product) red lumps, about 
as large as hazel-nuts, which, under the microscope, proved to be 
abundantly infested with a thread fungus, the protoplasm of which 
was stained by a red pigment, presumably generated by the bac- 
teria present in large numbers in the mass. The development of 
pigment bacteria is also frequently noticeable in the saturation 
scum thrown out from the sugar-works and spread over the fields, 
this scum being often found covered with coloured (mostly red) 
patches, which are presumably zoogloea of Mieroeoccus prodigiosua, 

Large though the number of injurious íission fungi in sugar 
may be, it is surpassed by the multitude of Enmycetes infesting 
the sugar-beet. These, however, do not fall within our province, 
and readers who may be interested in them are referred to the 
various text-books on plant diseases. The works compiled by 
A. B. Frank (II.) and P. Soraubb (II.) respectively, presupposr 
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a certain degree of (macroscopic) acquaintance with the individlial 
maladies of which they treat. On the other hand, the young 
sugar-techniciBt, yrho wUl, as a rule, be mainly deeirous of deter- 
mining the natnre of the disease brought under his notice, is 
advised to study O. Kirchker'8 (L) "Uandbuch der Pflanzen- 
krankheiten " ("Handbook of Plant Diseases"). This work is 
admirably supplemented by a good and cheap atlas (prepared by 
O. KiRCHNER and H. Boltshauskn (I.) ) of coloured plates showing 
the chief diseases attacking industríal plants. With the Informa- 
tion thns gained, the leamer will then be able to resort with 
advantage to the two íirst-named standard works. A brief review 
of the most important diseases set up in the sugar-beet by veget- 
able or animal parasites has been written by A. Stift (I. and 
IL), and particular attention is devoted to Heterodera Schachtii 
the cause of the so-called nematode sickness) in a monograph 
y A. Strubbll (I.), as also in a useful work by J. Vanha and 
J. Stoklasa (I.). Investigations on the influence of these worms 
on the cellular activity of the beet, and on the resulting chemical 
changes thereby induced, were made by J. Stoklasa (I.), and may 
now be mentioned. At present we wiU merely refer briefly to the 
gmnmosis (Fr. gommose) of the sugar-beet, a complaint fírst de- 
scribed by Sorauer (II.). The symptoms of this disease are: 
extravasation of small drops of a gummy fluid from the unbroken 
surface, and a gradual blackening of the vascular bundles and 
parenchyma of the beet, from the tip of the root upwards. It is 
still uncertain whether the bactería so abundant in this gum 
should be regarded as the actual cause of the disease or merely as 
harmless saprophytes. 
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CHAPTER XXIX. 

ROPINESS IN MILK, WINE, BEEK, AND OTHER LIQUID8. 

§ 162.— Ropy or Viscous MUk. 

The fírst attempt at a scientiíic study of this malady was made in 
1847 by GiRARDiN (I.), who hoped to elucidate it by chemical 
analysis, and sought the cause in the defective composition of the 
fodder. This complaint may develop to a varíable extent in milk. 
In the worst cases the thickened liquid can be drawn out to a thin 
thread a yard or so in length. J. Lister (L), in 1873, was the 
first to reproduce this complaint by inoculation, and thus indicated 
the probability of a living source of infection. To ascertain this by 
microscopic examination was the task essayed by Schmidt-Múhl- 
HEiM (I.) in 1882, who found that ropy sour milk contained an 
unusually large number of cocci i /a in diameter, frequently xinited 
as chains, but also in many cases isolated, and in the latter čase 
apparently endowed with motile powers. Although at that time 
suitable methods of pure cul ture were no longer lacking, this 
observer made no attempt to utilise them in his researches. This 
omission was, however, soon remedied by E. Duolaux (IX.), who 
prepared pure cultures of two species of bacteria from ropy milk, 
both of which belong, morphoíogically, to the so-called capsule 
bácilli. The powerful lustre of the greatly swoUen mucinous 
envelopes suiTounding these cells is the first thing to strike the 
assisted eye, on which account the generic name, ÁcHnobanier 
(lustrous bacterium, stár bacterium), was applied to both organisms. 
Under their iniluence the milk yields alcohol and acetic acid. 

To these two pests (known respectively as Actinohacter du lait 
visquetix and A, polymorphus) a large number of others possessing 
similar powers háve been added by diťferent observers ; e.g. a 
micrococcus discovered by IIukppe (IV.) in 1884; the Bcunllus 
mesentericus vuJgatns, investigated by Flůgge (I.) ; and the Bacilhis 
pituiiosiy a thick, slightly curved rod, discovered by Loepflbr (III.). 
Other allied species are : a streptococcus, descríbed by Hess and 
BoKOEAUD (I.), and presumably identical with that observed by 
NocARD and Mollerbau (I.) ; and a bacillus, 1.2 /x broad and 2 fí 
long, obtained by Schiitz from ropy milk, and described by St. von 
Katz (L). In 1890, L. Adametz (IV.) found in the Liesing 
brook (which runs into the Danube in the south of Vienna) a 
capsule bacillus, 0.7-1.2 /i long and 0.7/1 broad, which he named 

Bacilltís lactúf viscoaua, and which is capable of túming both milk 
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and cream ropy. It is fairly widespread in nátuře, and was 
detected by Adahbtk (Y.) in samples of milk from tlie Somthal 
'" iUerland), In adťlition to thie, three other fisgion fungi (named 
below) are found in Swisa soil, one of them Iwing the Banllu* 
Guilhheau c, which ia not only drmgerouB to the cows (giving rise 
to inHammatíon of tlie udder), but also producea various dieturb- 
ances in the dairy by making the milk "ropy" and the ripening 
cheeae "blown." The facultati vely au aerobic MicrococeuB Frewlen- 
reichu, a /i in diameter, discovered by A. Guillebeau (L), is 
still more injuríous to milk, since, whereas the otber organiema 
just mentioned act only at high temperaturea — approaching hlood- 
heat, and thereforo easily avoidable in practiee — ihis cocciis is 
active even at a moderate temperatiire, and tnnis milk ropy 
within five boura at 22° C. The o])timuin temperatura of de- 
velopment is two degreea lower, and the microbe ia deatrojed by 
an expoBiire of two niinutes to boiling heat, It haa frequently been 
f ound in the diatrict of Berne, and often causes considerabie damage. 

Simultaneously wíth thia laaťnamed organiam, a third microbe, 
alao endowed with the faculty of tuminjí milk ropy, was inlro- 
duced by Guillebeau under tbe name of Baderiiim Hemi. Thia 
species, wbich appeara in the íorm of activel)- motile roda, 3-5 fí 
long and 1.2 ft broad, ia leaa injutioua than tlie one just deacribed, 
aince the ropineas it producea in milk diaappeara direttly acidifica- 
tion aeta in. 

The Bubstantive cause of the mucinous condiiion may be of 
three kinda. Eitber it ia attributabte to the awelling of the 
membráně of the bacteria in question — aa ia apparently the čase 
in tlioae already alluded to as capaule bacilli, e.<j. Artinoharler, 
Ji. taclie viscoBiis, and also, according to the researchea of W. 
ViGNAL (I.), witb B. tiiesenterietts vulgaius — or, secondly, the 
milk-BQgar is converted into a muoinoua eubatonce. Thia waa 
aaserted to be tho caae by Storch for two apeeiea of bacteria 
discovered by him, and was proved by G. Leichuanh (III.) for 
a bactllus isolated from ropy milk. Thia Jatter organism acts on 
both lactoae, cane-augar, mnltoae, galactoae, levuloae and dextrose 
(but neither on niannite, arabin, nor starch) in auch a manner 
that mucuB nnd lactic acid are formed, together with a smalt 
quantity of ethyl alcohol In the third pláce, tlie ropy substance 
can also be produced from the casein oí the milk. According to 
H. Wbiqmann, this latter cause operates in the íormation of the 
milk products known as 

§ 163.— Ropy Whey (Lanře Wei) and Thick Milk 
(TEettemfelk). 

The Swisa dairymcn disearii r<i]iy milk for cheese-making, 
being afraid of its causing " ncsts," i.e. places within the cheeae 
wbere the ripening proeeeda irregularly. They thereíore devote 
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partictdar attention to fumigating the stalls out with buniiiig 
sulphur, scouring the milk vessels with soda solution, &c., in 
order to eradicate the evil as quickly as possible. 

On the other hand, the Dutch look on the bright side of this 
evil, and even derive beneíit from it, the most palatable production 
of the Netherlands, viz., Edam cheese, being prepared with the 
aid of ropy whey (Dutch, Wei), The first observations on and 
experíments with this ropy whey were made in the ** fífties " by 
a farmer (name unknown) of Assendelft in HoUand, but it did 
not conie into generál use in the manufacture of Edam cheese 
until 1887, when Boekel recoinmended it most empbatically. 

Wbigmann (VII.) examined such whey, aiid found in it large 
quantities of a íission fungus, which is mostly arrangea in pairs, 
but frequently also in chains, and bears the name of Streptococcua 
hoUandicua, Steríle mi]k inoculated with this organism becomes 
ropy and sour in twelve to ťifteen hours at 25" C. 

The samé coccus was also found by Weigmann in the com- 
mercial products known as Tcettemcelk oř Tcetmoelk (thick milk) 
in Norway, and FUmjólk (stringy milk) in Finland and Sweden. 
This strongly sour, ropy, thick mass, the casein of which is in the 
condition of fine flakes, is a highly prized article of nourishment 
among the Scandinavian races, and is artifícially prepared from 
normál milk by either rubbing the interior of the milk-pails over 
with butter-wort {Pinguicula vulrfarift), called in Norway Tcette- 
grces, or by feeding this plant to the milch-cows. The leaves are 
found to be infested with a fission fungus which turns milk ropy, 
and is presumably identical with the above-named streptococcua 
As already remarked, the occurrence of ropiness in milk is usually 
accompanied by acidification, whereby the development of nume- 
rous other species of bacteria is prevented. This accounts for the 
circumstance that Taetmselk will keep for months without alteration 
if stored at a low temperature. 

Herz was the first to record observations with regard to so- 
called soapy milk, a term applied by him to milk that exhibits 
a taste of soap and lye, and does not curdle, but only deposits a 
slimy sediment, even after prolonged standing. The cream from 
this milk froths up very strongly when churned. H. Wbigmann 
and G. Zirn (II.) had occasion, in 1893, to examine a milk of 
this kind, and they succeeded in isolating therefrom a bacillus 
which is capable of converting normál milk into the soapy con- 
dition, and is therefore termed Bacillus lactis saponaceL It was 
afterwards discoveréd that the organism originated in the litter, 
which was in a damaged condition. When that was withdrawn 
and the cows littered on sound straw, the milk no longer suffered 
from this complaint. 
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§ 164.-- Ropiness in Wine 

was formerly attríbuted to a coagulatíon of the albnminoida, a 
hypothesia corrected in 1856 by G. Mitldkb (IL), who traced 
the chief source of this maíady to the convereion of sugar into 
regetable mucilage. Young white wines, in particnhir, fall vic- 
tíma to the diaeaae, which in its incipient atage producea a faint 
opalescence, followed by gradually increaaing turbidity, until, 
fínally, the liquid becomea thick, and by degreea so yiacid thai 
it can be drawn out into threada a yard or ao in length, and can 
acarcely be poured out of the bottle. The flavour ia disagreeably 
alimy and inaipid, though the odour (bouquet) ia almoet unaltered. 
In France the malady ia termed " Maladie de la graiue^ or gene- 
rally " Vin JUaní " oř " Vin huileux," and the Italinns atyle it 
**Vino filarUe," The earliest microscopical atudiea on this point 
were made in 1861 by Pasteur (XII.), who found a very large 
number of fíasion fungi always present in ropy wine, and also 
that by transferring a little of the liquid to aound wine of the 
aame claas, the diaease was quickly coromunicated to the latter. 
He described two kinds of cell form : small cocci united in chaina 
(streptococci), and irregularly shaped cells somewhat larger in 
diameter than those of yeast. The chief products of the mucinoua 
femientation set up in wine by this mixture of organisms were 
found to be gum, mannite, and carbon dioxide. Their ratio waa 
represented by Pasteur in the form of an equation as follows : — 

25C12H21O11 + 25HqO = i2Ci2HaoOio + 24C«Hi406 + i2C0a + i2HaO. 
Sacch&roM. Oum. Mannite. 

These proportions were admittedly variable, but this was ex- 
plained by Pasteur by the supposition that the one species of fer- 
ment produces more mannite, the other more gum ; and Monoyer, 
in 1862, attempted to represent these reactions by splitting up the 
equation into two. Some observations on the aforesaid strepto- 
coccus háve also been published by E. Duclaux (X.). 

The thoroughgoing microscopical investigations performed by 
J. Nbssler (II.) showed that the streptococci described by Pasteur 
are frequently absent, or only present in very small numbers, in 
ropy wine ; whereas, on the other band, the presence of certain 
unusually plentiful, extremely minuté round bodies can always be 
detected. Subsequently a few samples of ropy wines were exa- 
mined by E. Krambr (II. )» inainly with the object of obtaining 
pure cultures of the organisms causin^ the malady, but this object 
has not yet been successfully accomplished. By means of the 
dilution method approximately pure cultures of such a iission 
funpis háve been prepared; and the name of Bacillus viscosus viní 
has been given to the organism. It occurs in the form of rods, 
0.6-0.8 fi broad and 2-6 fi long, frequently united as many-jointed 
'Ains, and capable of producing ropinesa in white wines in the 
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absence of air. A thorough mycological study of this inalady has, 
however, still to be made. Keither the Bacilltis viscotus $ou:chan, 
mentioned in Chapter xxviiL, nor other similar cause of mucinous 
íenpentation, is capable of giving rise to ropiness in wine, since 
none of them is able to develop in acid media. 

One point is perfectly clear, viz., that the presence of sugar is 
a šine q^ia non for the occurrence of the malady, since it forms the 
materiál from which the mucus is produced. AccordiDg to Xessler 
(an expert in the treatment of wines), wines containing over 10 per 
cent of alcohol are proof against ropiness. 

With regard to the ropiness of dder — the most frequent malady 
to which this beverage is subject — nothing reliable can at present be 
reported. 

§ 165.— Ropiness in Infusions. 

This was microscopically investigated as far back as 1834 by 
Fb. Kútzing (L), who ascertained that the lower orders of plants 
here in question are partly algsB and partly fungi, the schizomy- 
cetes being the most frequently found members of the latter group. 
A few examples are given below. 

It is weíl known that Infiisum foliorum DigitcUia very often 
becomes ropy, to account for the occurrence of which divers hypo- 
theses were formerly current. Thus, for instance, it was asserted 
that the mucic acid in the leaves of digitalis exerts a coagulating 
influence on the pectin bodies also present therein. W. Bráu- 
TiOAM (I.) found in a ropy infusion of this kind a físsion fungus, 
which he named Micrococcus gélatinogenus^ endowed with the pro- 
perty of gelatiniaing vegetable infusions (e,g, Ipecacuanhce, Badix 
Álthece, SenegcBy Folia Far/arce, and especially-FoŽia DigifaJlis), when 
mixed with sugar-cane, lactic acid being produced at the samé time. 
The mucus is precipitable by alcohol. In nutrient media devoid 
of sugar, the micrococcus develops, but does not form mucus. 

Of interest to the analytical chemist is the Bacterium gum- 
momm, also obtained by E. Ritsbrt (II.) from a ropy infusion 
of Digitalis, This organism tums the nutrient medium ropy only 
when saccharose (but not dextrose or lacto^e) is present, and can 
therefore be employed as a reagent for cane-sugar to detect the 
latter in presence of large quan tities of hexoses, e,g. in wine-must. 1 1 
will develop in highly concentrated solutions of this sugar, its growth 
not being impeded until the concentration exceeds 60 per cent. 
The mucus produced by this fission fungus has received the iiame 
of gnmmose, a term likely to lead to crror, since a somewhat wide- 
spread malady attacking the vine, the sugar-beet, and other plants, 
has long borne the name of gumxnosis or gmnmose. Th;s mucus 
is distinguishable from dextran chiefly by being optically inactive. 
In addition to mucus the organism produces an uninvestigated 
acid, and a compound of unknown constitution, which deviates 
tlie plane of polarised light to the right and reduces Fehling's 
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solution. According to the conditions of cultivation, Bacteríum 
ffummosum appears as long or short rods, diplococcus or strepto- 
coccus, the ňret forms being motile and producing endospores. 
The addition of acetate of potash or soda or of yeast ash to the 
nutrient solution {e.g. sugar-beet juice, &c) is highly favourable 
to development and to the production of mucus. 

The BacUlua gummosusy isolated by C. IIapp (I.) írom a ropy 
inf usion of Digitális^ is characterísed by its large size, the length 
being 5.0-7.5 /i, and the breadth 0.6-2.0 /i. It exhibits an un- 
dulatory motion and forms endospores. In cultures on slices of 
potato and beet the cells are globular, with a diameter of 0.7-0.8 as 
but when transferred to gelatin or agar-agar they quickly become 
rod-shaped. Happ obtained from ropy Senega infusion a pure 
culture of Micrococeus gummosus, the diameter of which Í8 about 
0.4 fi, A notable difference exists between these two species with 
respect to their behaviour towards sugars, the first-named being 
able to set up ropy fermentation only in presence of saccharose, 
whilst the Micrococeus also attacks maltose. The resulting mucus 
(soluble in water but insoluble in alcohol and ethery, which has 
the elementary formula C^H^qO^, is, although the chief, not the 
sole product of this fermentation, small amounts of mannite, 
butyric acid, lactic acid, and carbon-dioxide being also formed \ 
and a part of the saccharose is converted into glucose. 

The 80-called distiUed wateni {e.g, orange-flower water) often 
undergo mucinous decomposition, some particulars of which háve 
been reported by L. Viron (L). As a remedy for this evil, 
P. Carles advised the shaking up of the affected water with 
2-3 grams of basic nitráte of bismuth per litre, and fíltering after 
standing. This is said to háve answered particularly well with 
orange-flower water. Ordinary distiUed water is often rendered 
mucinous by bacteria, especially when kept in wooden vessels; 
A. GoLDBERQ (I.) has reported an instance of this kind. 

A fission fungus, Baderium gliscrogetium, 0.5 7-1. i m long 
and 0.4 /LI broad, has been isolated by P. Malerba and G. Sanna- 
Salaris (I.) from mucinous, viscid urine (which often exhibits 
this property as soon as voided), and has been recognised as the 
cause of this condition. According to a research of Malbrda'8 (I.), 
the mucus (gliscrin) thereby formed is nitrogenous. 

It is well known that ink frequently becomes mucinous and 
viscid. M. HÉRY (I.) investigated this matter and examined a 
bacterial species concerned therein. As a preventivě measure he 
recommends an addition of not less than 0.5 gram of salicylic 
acid per litre of ink. 

C. BoERSCH (I.) made an observation, interesting to the chemist, 
concerning a íission fungus, Sarcina Jlava, capable of producing 
ropiness in various liquids. This organism attacks fumaric acid 
(in acid solutions), but, on the other hand, leaves the isomeric 
maleic acid, COOH— CH - CH— COOH, untouched. 
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Bopiness in tan liquora is a phenomenon both well known 
and unwelcome to the tanner, to whom it causes considerable 
damage and loss> since not only is the liquor rendered worthless, 
but the hides steeped in it also suffer owing to the masses of mucus 
adhering so firmly to the leather that great diflficulty is experienced 
in getting them off again. This mucinous coating retards, or even 
entirely prevents, the penetration of the tannin. Closer investiga- 
tions re^uxiing the best means and methods of prevention would 
be valnable to this industry. 

§ 166.— Ropiness in Wort and Beer. 

Pasteub (III.) was the fírst to study this phenomenon with 
the aid of the microscope. He traced the cause of this complaint, 
which has many points in common with ropiness in wine, to a 
fission fungus occurríng abundantly in the form of long chains 
in the affected liquids, and known by the name of Micrococcus 
VÍ8C09U8, Morphologically, this organism greatly resembles a fission 
fungus observed by J. Bbrsch (II.) in a beer wort, which, instead 
of fermenting normally when pitched with yeast, became thick, 
oily, and fínidly viscid and ropy. 

P. Ltndner (III.) in 1889 was the fírst to obtain a pure 
culture of a viscous ferment. This was a pediococcus (not specifí- 
cally named) occurring in large numbers in ropy white beers, a 
class of beverage that is particularly liable to the malady. The 
capacities of the microbe in question are restricted to the pro- 
duction of ropiness in white beer wort, it being unable to do so 
in hopped worts and beers. Hence it is perfectly innocuous and 
unimportant, so far as true brewing, in the narrow sense of the 
term, is concemed. 

Other species appear in hopped beer. Two of these were 
found by H. van TjAKR (II.) in a number of samples of ropy beer, 
from which they were isolated to pure cultures, and named 
BacUlvs VÍ8CO8U8 I. and //. Both háve several identical char- 
acteristics, e.g, the form and dimensions of the cells, which are 
rod-shaped, 0.8 fi broad, 1.6-2.4 fi long, and mostly single, though 
not infrequently joined in pairs. 

In their behaviour towards beer- wort, however, they differ in 
a notable manner. It is true that both of them produce ropiness, 
but not of the samé type. If B, v. I. is in action, then, in pro- 
portion as the viscidity of the liquid increases, a number of 
mucinous, yellowish- white patches, terminating below in branches, 
appear on the surface. In this way a coating of mucus is formed, 
the surface of which is gradually covered with protuberances pro- 
duced by bubbles of the carbon dioxide liberated during this 
fermentation. With B. v. II., on the contrary, this coating is 
absent ; moreover, the evolution of carbon dioxide is less copious, 
and the ultimate degree of ropiness less pronounced than in the 
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first čase. Whilst the malady is in progress, the colour of the 
wort changea to a chicory-brown, and at the samé time an odour 
develops, which cannot be more dosely deíined, but which of itself 
suffices to reveal the presence of the complaint. A further char- 
acteristic affording a means of distinguishing between these two 
species of bacteria is their behaviour towards a sterilised solution 
of 3 grams of cane-sugar and i gram of peptone in loo c.c of 
water. This medium is made viscid and ropy by B, v. I. alone, 
the second species producing nothing more than a persistent tur- 
bidity, accompanied by the evolution of carbon dioxide. Milk is 
altered by both species in the samé manner as wort. 

The fact that both these organisms also cause ropiness in 
nutrient solutions, devoid of sugar and containing no organic matter 
beyond calcium lactate or ammonium tartrate, is also interesting. 
As a matter of fact, a high content of sugar is even injurious to 
the organisms. This discovery agrees with the experience gained 
in practice, that beers with a low attenuation (and therefore a 
higher sugar content) are comparatively seldom ropy. The proxi- 
mate cause of this alteration of the medium is a mucus excreted 
by the bacteria. In the presence of sugar, carbon dioxide is 
liberated, and presumably a small quantity of another acid is also 
formed, since the acidity increases with the ropiness. The mucus 
is not a uniform substance, but consists of at least two constituents, 
one of which (insoluble in water) is characterised by its content of 
nitrogen. This fact harmonises with the circumstance that the 
malady sets in earlier in proportion as the nitrogen content of the 
nutrient medium is greater. It also explains the fact, noticed in 
practice, that worts rich in protein, peptones, and the like, are 
those most readily becoming ropy. A higher content of acid 
(o. 1 5 per cent reckoned as lactic acid) restricts the development 
of both these species of íission fungus; but alcohol, even in the 
proportion of 6 per cent. by volume, is powerless to injure them. 
In both cases growth proceeds at all temperatures between 7** and 
42* C, and is most vigorous at about 33* C. 

A third viscous ferment, also discovered by Van Laer, differs 
from the other two in its property of liquefying gelatinised meat- 
juice. 

L. V ANDÁM (I.) obtained from ropy English beer pure cultures 
of a fourth organism (Bacillus viscosus III.) in the form of rods 
0.7/1 broad and 1.3-2.0 fi long, mostly isolated, but frequently 
also forming bands of two or three cells. So far as can be gathered 
from the particulars given, ropiness is produced, not by any meta- 
bolic product excreted by the bacillus, but by the thickened cell 
membráně of the organism. In other ways, too, this microbe 
diíFers from Van Laeťs bacilli. For instance, the development of 
the organism and the gelatinisation of the medium occur only in 
presence of sugar, and the degree of ropiness is proportional to 
the amount of sugar éliminated. No evolution of gas could be 
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detected in wort cultures. Jhe uiirestricted access of air is essen- 
tially necessary to the growth and activity of this bacillus. The 
organism is incapable of injuring beer except when present in 
la^ numbers in the wort before the commencement of prímary 
fermentation. 

The number of organisms capable of rendering wort viacid is 
not exhausted by the Schizmnycetes obeady mentioned. In the 
second volume we shall become acquainted with Demattum pullu- 
larus, a species of Eumycetes which is equally capable of producing 
damage of this kind. 

§ 167.— The so-called Sarcina Turbidity in Beer 

will now be referred to, although no mucinous ferments are here 
in question. Bottom-fermentation beer is required to be perfectly 
clear, and if it proves defective in this particular, it is considercd 
poor oř bad, according to the nature of the turbidity. This may 
arise from several distinct causes : precipitated albuminoids = 
gluten tnrbidity ; the presence of unsacchariíied starch = starch 
turbidity ; precipitated hop resins = hop dinmess ; a high content 
of yeast-cells = yeast turbidity ; or, finally, strong infection with 
fission fungi = bacterial turbidity. This latter, again, may be 
caused by different species of organisms, a few of which (i.e. those 
producing tumed and ropy beer) liave already been mentioned, the 
turbidity in their čase being merely a secondary phenomenon 
attendant on another complaint. In the following Unes, however, 
we will confíne ourselves to the turbidity caused by bacteria of the 
sarcina or pediococcus form of growth. Věry frequently these 
organisms (in enormous numbers) are the only ones observable in 
samples of turbid beer. 

The first observations on the subject were made by Pasteur and 
J. Bersgh (IL), and more minuté researches were made by Julius 
Balcke, from whom these organisms first received the name of 
Sarcina, Francké afterwards found that this fission fungus always 
subdivides in two directions only (and not three), and consequenůy 
forms sheet colonies. On this account Franckb (I.) in 1884 
applied the new generic name of Pediococcus cerevisicb to this 
microbe. Notwithstanding this, it is still customary to term the 
malady under consideration " sarcina turbidity ; " which is, more- 
over, partly correct, since true sarcina in great numbers háve also 
been found in turbid beers. The first successful attempt to obtain 
a pure culture of such a pediococcus was made by P. Lindner (II.) 
in 1888. The Pediococcus cerevisice isolated by him from "sarcina 
turbid " beer occurs as single cocci (0.9-1.5/1 diameter), diplococci, 
and tetrads. Still, though it is undoubtedly the fact that this 
fission fungus occurs in large numbers in such turbid beers, it by 
no means follows that the organism can be positively assumed to 
be the cause of sarcina turbidity, attempts to grow it in sterilised 
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beer having proved unsuccessful. Moreovor, as Anton Petbusen 
(L), E. Chr. Hansen (V.), and Alfred Jórgensen (I.) háve 
shown, a considerable quantity of sarcina may be present in beer 
without any damage to the beverage (turbidity oř unpleasant 
flavour) resulting thereírom. 

Further particulare given by them render it highly probable, 
however, that *' sarcina turbidity" is actually caused by lission 
fungi of the pediococcus and sarcina groups, but that the mere 
presence of these organisms is not sutíicient to produce the malady, 
a speciál concurrent tendency thereto on the part of the beer beiug 
essential. For the determination of the conditions under which 
the "sarcina organisms" are capable of producing "sarcina sick- 
ness" in beer, we are indebted to an instructive treatise by A. 
Rbichard (I.). Ho showed that this turbidity occurs only when 
the secondary fermentation of the beer goes on with vigour, and 
that, conversely, a similar degree of sarcina infection is innocuous 
if the primary fermentation has been carried so far that only a 
weak secondary fermentation ensues. Reichard attributes this 
behaviour (contirmed by searching experiments) to the avidity for 
oxygen (air-hunger) displayed by the pediococci. It is only when 
the microbes are continually brought up to the surface of the 
liquid by the bubbles of carbon dioxide given off during a brisk 
secondary fermentation, that this avidity for oxygen can be satisfied 
and the developnient of the organism proceed. 

When no gas is liberated and the pediococci consequently 
remain at the bottom of the liquid, then no turbidity or unsatis- 
factory alteration of the flavour or smell will occur. If, however, 
an infected beer be artificially brought into a statě of active secon- 
dary fermentation by priming {aufkrdusen) with fermenting wort, 
then sarcina turbidity will not be long in making its appearance. 
This fact, determined by Reichard, indicates the necessity for 
caution in the employment of fermenting wort for priming beer. 
This practice, as is well known, is specially resorted to for livening 
up sluggish lager beers in the storage cask, and is of itself unob- 
jectionable. Care should, however, be taken to previously ascer- 
tain that no large amount of sarcina is present in the cask. 
According to the researches of Reichard and Riehl (I.) hops are 
very usef ul in combating sarcina sickness. To prevent the appear- 
ance of the malady 30-40 grams of hops per hectolitre of beer (or 
at the rate of 5 to 6 oz. per 100 galls.) should be placed in the 
storage cask, and the latter then closed (bunged). 

The injurious organisms in question either find their way into 
the wort in the cooler, or — as stated by Balcke — may be transferred 
to the malt store on the boots of a workman (floor-sweeper) who has 
previously been working on the malting floor, where these organisms 
abound. It is, therefore, no wonder that the thick wort is also 
rich in these organisms, and may consequently become the source 
of acute troubles. The evil reputation of the thick wort and thick 



SARCINA TURBIDITY IN BEER 289 

beer is aLso easy to understand from a bacteriological standpoint. 
When such an inf ected wort is f ermented, then, of course, the yeast 
crop will be contaminated with these injurious organisms and the 
malady will thus be perpetuated. To purify such contaminated 
yeasts, S. von Huth (I.), in 1888, proposed an addition of 5-7 grams 
of salicylic acid per hectolitre of beer (about i oz. per 100 galls.). 
A second recipe of his, which was also approved by P. Lindnbr 
(IV.) in 1895, reads as follo^vs : — To each kilo. (2.2 Ibs.) of pulpy 
or liquid yeast také 6 grams of tartaric acid dissolved in water. 
After stirring them thoroughly together, leave to stand for six to 
twelve hours, and then add the mixture to the wort in the tun. 
The results of this treatment are said to be satisfactory. 

It must, however, be expressly mentioned that this tartaric 
acid care should not be employed unless the yeast under treat- 
ment is either almost or entirely free from wild yeasts, and is 
contaminated by sarcina alone. Olherwise it is best to throw the 
batch away, since the tartaric acid treatment, by favouring the 
development of the wild yeaists, would only make it worse than 
ever. This will be referred to again in a subsequent section 
of voL ii. 
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SEOTION VIII. 

DECOMPOSITIONS AND TRANSFORMATIONS OF 
ORGAN IC NITROGENOUS COMPOUNDS. 

CHAPTER XXX 

THE PHENOMENA OF PUTREFACTION. 

§ 168.— The Degrradation of the Albuminoids. 

In § 15 of the Introduction it was stated that Liebig^s differ- 
entiation between fermentation and putrefaction is untenable, 
and that no sharply defíned limit between these terms exists. 
Enlarging the deíinition of the term fermentation beyond its usual 
limits, we there defíned this phenomenon as the transformation 
of various chemical substances by the action of minuté fungoid 
organisme. 

Without prejudice to this generál defínition, we can neverthe- 
less speak of putrefaction in particular, limiting the application 
of this term to such fermentations as chiefly effect the decomposi- 
tion of albuminoid substances. Any further attempt to analyse 
this more restricted term is at once frustrated by our ignorance 
of the constitution of the albuminoids themselves. The multi- 
plicity of contingencies here possible cannot be disregarded, and 
consequently no classifícation aceording to the fínal products 
obtained is feasible. On the other hand, no differentiation can 
be based on the composition of the bodies subjected to decom- 
position, since we are here encountered by a question, hitherto 
unsolved by chemists, viz., What are the albuminoids? 

Obviously mycologists might postpone further researches on this 

point until the necessary preliminaries háve been performed by 

their chemical colleagues. As a matter of fact, however, the 

opposite course has been adopted, and the determination of the 

nature of the putrefaction products of albumin has not oniy led 

to hypotheses regardíng the composition of that substance, but 

will probably also indicate the means whereby the nature and 

synthetic preparation of these high • molecular nitrogen com- 

pounds can be established. Provided the results obtained are of 

value to the chemist, and, though in a minor degree, to the 

mycologist as well, the credit thus accruing to Fermentation 
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Physiology is not necessarily injured by the remark that, owing 
to the employment of indeénite bacterial mixtures, these endea- 
vours are not always free from objection from a bacteriological 
point of view. 

In future researches into albuminoid decomposition oř putre- 
faction, it should always be borne in mind that here also the 
co-operation and succession of various organisms {i.e. symbiosis 
and metabiosis) will li ave to be taken into calculation. Until 
this is doně, mycological text-books will háve nothing better to 
offer than a varied coUection of isolated observations, such as are 
given in the foUowing chapters and paragraphs. 

It has long been observed that the natural decomposition of 
albumin yields malodorous gases and vapours when proceeding in 
the absence of air, but that^ on the other band, these attendant 
phenomena are wanting when air is allowed free access. Titular 
distinctions háve been employed to express these differences, the 
natural inodorous decomposition of albuminoids being termed 
decay, whilst the name of putreíáction has, in a narrowed sense, 
been applied to the other set of phenomena. Formerly regarded 
from the chemical staudpoint alone, the fundamental physiological 
basis of this differentiation has now been explained by the aid of 
mycological research as follows : — Decay is the result of aerobic 
microbial activity ; putrefaction, of the energy of anaSrobic organ- 
isms. Of course both these processes may go on simultaneously 
in the samé substance, the outer surface, exposed to the air, decay- 
ing, whilst the interior putrefies. This fact alone sufficiently 
proves how little value attaches to researches wherein pure cultures 
are not employed. M. von Nencki (III.) sought to explain the 
putrefactive decomposition of the albuminoids as a process of 
hydration, and cited in support of this view the observation that 
the products obtained are the samé as those produced by the action 
of f using caustic potash. 

The bad smell characteristic of putrefaction is often attri- 
butable to several compounds of the aromatic series. One of 

CH 
these is Indole, C6H4<r TCH, which combines as an imide with 

NH 

nitrous acid to form the red nitroso-indole. This property is 

utilised for the detection of indole in cultures. Since a great 

many bacteria are capable of producing a small (though suflicient) 

quantity of nitrites in ordinary nutrient media, this characteristic 

red coloration can be developed (in presence of indole) by slightly 

acidifying the culture with sulphuric acid. Of the pathogenic 

bacteria, Koch's Vihrio cholerce asiatiecB was the first examined 

for this reaction. This accounts for the current use of the term 

"cholera red reaction," employed for this reaction by medical 

bacteriologists. /^-methyl indole or skatole, which was fírst 

discovered in 1877 by L. Brieoer (IL) in huraan fieces, is almost 
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invariably produced during the putrefaction of albumin ; its smell 
is even more repulsive than that of indole. A dosely allied 
derivative of skatole, viz., jS-methyl indole acetic acid, was dis- 
covered by M. von Nbncki (IV.) among the putrefaction products 
occasioned by Bacillus liquefaciens nicupius in the absence of air. 
Fhenol was first recognised as a product of albumin putrefac- 
tion by E. Baumann (I.) in 1877, and orthocresol and paracresol 
by E. Baumann and L. Briegbr (I) in 1879. The capacity 
of a large number of (mostly pathogenic) species of bacteria for 
producing the above-named substances was investigated by A. 
Lbwandowski (L). 

M. von Nencki and his pupils made a series of investigations 
on the products of albuminoid putrefaction. Of their discoveries 
we will now briefly mention those referring to leucine and tsrro- 
sine. These amido substances are secreted by the pancreatic 
glands, and are almost always present in fresh fseces. They 
are also produced, under certain conditions, in the putrefac- 
tion of various albuminoids. Now, according to Nencki'8 (V.) 
researches, leucine is further decomposed by the activity of bac- 
teria, the chief product being valeric acid, along with carbon 
dioxide, hydrogen, and ammonia. The reaction is approximately 
expressed by the equation — 

OHs— CH2— CHjr- CHa— CH . NHa— COOH + 2H2O = 

Leucine. 

(CH,)2 = CH— CH2— COOH + CO2 + 2H3 + NHa. 

Valerie acid. 

The decomposition of tyrosine may be effected in two dififerent 
ways : in presence of air — as was shown by E. Baumann (II.) — 
the NHg group is separated, and hydroparacumaric acid, of which 
tyrosine may be regarded as the amine (alanine), is formed — 

.OH ,0H 

CeHX yields CeH/ 

CH2— CH . NHa— COOH CHa— CHa— COOH. 

TjToslne. Hydroparacumaric acid. 

When air is excluded, the results are, however, very different, 
indole, together with carbon dioxide and hydrogen, being pro- 
duced. This reaction is approximately represented by the equa- 
tion — 

.OH .HN. 

CeHX = CflH/ >CH + COa + H20 + H2. 
CHa— CH . NHa— COOH CH ^ 

Tyroiine. Indole. 

The evolution of sulphiiretted hydrogen is a frequent accom- 
paniment of putrefaction. A large number of bacteria are endowed 
with the power of liberating this gas, the production of which 
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depends, however, not solely on the species of ferment, but also 
on the composition of the nutrient medium, a circumstance which 
explains the contradictory results obtained by different workers. 
Thus, for example, Staqnitta-Balistrbri (I.) denied that Badllus 
8ubtili8j Badllus tetragenus, the so-called Wurzél bacilltis, and others, 
could form snlphuretted hydrogen ; but Petři and Maassbn (III.) 
then showed this contention to be incorrect, and that, in presence 
of peptone, the gas in question is produced by these microbes. In 
other cases, again, this product may be masked, e.g, by combina- 
tion with ammonia formed at the samé time. A good deal of the 
sulphur present in the nutrient medium is utilised by the bacteria 
themselves for structural purposes, the amount so consumed having 
been found by M. Rubner (I.) to be equivalent to 23-40 per cent. 
of the total sulphur in the medium. The sulphur in organic com- 
bination is fírst occluded, a circumstance harmonising with the 
well-known fact that the sulphur in albuminoids is very easily 
removed. The more delicate processes leading fínally to the 
evolution of snlphuretted hydrogen, still remain unelucidated. 
Petři and Maassen (IV.) are of opinion that the bacteria liberate 
hydrogen, which in the nascent státe then extracts sulphur from 
the sulphur compounds and combines with it. They found that 
very little of the gas in question is produced when nitrates are 
present in the medium, but that these latter are thereby reduced to 
nitrites. With reference to the fact (put forward to refute this 
explanation) that snlphuretted hydrogen is liberated by aerobic 
bacteria in well "roused" (aerated) cultures, Petři and Maassen 
showed that hydrogen is also liberated under this treatment, and 
that consequently the presence of air favours the reducing action. 

The faculty of producing snlphuretted hydrogen is very common 
among the pathogenic bacteria, being absent in not a single one 
out of thirty-seven species examined ; and in many of them — e.g, 
the bacilli of swine erysipelas — the inoculated nutrient solution 
fairly bubbles, from the quantity of gas liberated. A convenient 
means of detecting and separating sulphuretted-hydrogen-generating 
microbes from a mixture of bacteria by the aid of plate cultures is 
afforded by the ferro-gelatin, recommended by A. Fromme (I.) for 
this purpose; í,e. a peptonised meat-juice gelatin qualifíed by 3 
per cent. of iron saccharate or tartrate. In such nutrient media 
each colony of the snlphuretted hydrogen bacteria will become 
surrounded by a black halo of FeS. 

The conversion of sulphates into sulphides by bacterial agency 
is also a decisive indication of reducing power. The conditions of 
vitality of a particularly active species of fission fungus were in- 
vestigated by Beterinck (II.), who named the organism Spirillum 
desvífuricans, This strictly anaerobic microbe is utilised in practice 
in so far that by skilfuUy encouraging its development pit-water 
very rich in gypsum has been entirely freed from sulphates (CaSO^ 
being converted into CaS and FeS) and rendered suitable for 
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various purposes, such as feed-water for steam-boilers, &c. Further 
particulars on this matter will be found in the treatise referred to. 
The sulphuretted hydrogen produced by the above-named bacteria 
is consumed by a speciál group of fission fungi which will be moro 
dosely considered in Chapter xxxv. 

Among the sulphurous products of album inoid putrefaction 
mention must be made of mercaptan (C^H^.SH), which was fírst 
detected by M. von Nencki and N. Sieber (II.) in cultures of 
Bacillus liqtiefaciens magnus, 

§ 169.— The Putrefactive Bacteria. 

In the course of his investigations (frequently alluded to in 
previous paragraphs) on the micro-organisms in putrescent liquids, 
Chr. řlhrenberg observed a variety of forms and dimensions. The 
smallest of them bordered on the limite (Lat. temno) of visibility, 
and was so minuté as to be almost indistinguishable by the aid of 
the optical instrumenta then available. On this account he, in 1 830, 
gave it the name of Bacterium termo, and subsequently, in 1838, 
expressed the opinion that this species is identical with the Vibrio 
lineola already described by O. F. Miiller. However, when Felix 
DujARDiN (I.), in 1 84 1, undertook to critically examine Ehren- 
berg's discoveries, and classiíied all the (infusorial) micro-organisms 
devoid of visible organs of locomotion into the family Vibrionia^ 
which comprised the three genera Bacterium, Vibrio, and Spirillum 
the old name of Bacterium terrno was re-applied to this organism. 
Dujardin also regarded this "infusorium" as the smallest of all 
living creatures {le premiér terme en quelque sort de la série animale), 
and described it as follows : — ** Form, cylindrical ; length, 2-3 fi ; 
thickness, i. 0-1.2 /x; frequently united in couples; exhibiting a 
tremulous movement," the latter being ascribed to alternate con- 
tractions and re-expansions of the plasma. To these characteristics 
Perty (L) in 1852 added another, viz., the grape-like form peculiar 
to the zoogloea of this microbe. One year láteř Cohn (V.) also 
described a like organism. Then when, towards the closo of 
the sixth decade of the centu ry, Pasteur fuUy explained the 
theory of specific ferments (originated by KUtzing), and proved its 
accuracy by a series of examples, of which lactic fermentation was 
the first, the inclination to regard putrefaction as the work of 
a specific íission fungus gradually spread. Hence it was that 
Cohn (L), in 1872, propounded the dictum that "putrefaction is 
a chemical process excited by rod-bacteria (Bacterium termo), 

The more accurate (physiological) investigation of this process 
long remained impossible owing to the lack of Yneans for isolating 
and obtaining pure cultures of its active organism. For this reason 
the results obtained by different investigators (e.g. B. Sanderson (I.) 
in 187 1, and E. Eidam (I.) in 1875) into the physiological condi- 
tions of the so-called Bacterium termo axe now only of historical 
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interest On the introduction of plate-cultures into practical 
bacteriology, pure cultures of the supposed Bacterium termo were 
80on obtained, and it was then found that this term comprísed a 
number of different species. Rosenbach (II.)» in 1884, was the 
first to ascertain this fact, and described three distinct species 
of decidedly putrefactive bacteria, which he named respectively 
BacUlus saprogenes /., //., and ///. Rosenbach undertook these 
researches from a medical point of view, and consequently treated 
the morphological and physiological sides of the question in a per- 
functory manner. Nevertheless, he deserves the credit of having 
fínally banished the designation Bacteríum termo from syste matic 
botany ; so that, though the name is still occasionally ušed, it has 
now no speciál import, but merely serveš as a convenient synonym 
for the tenn " putrefactive bacteria." In this generál sense the term 
is ušed in Fig. 57. The figuře itself represents a species of bacterium 
(not more specifically identified) isolated from a putrescent liquid. 






Fig. 57.— Bacterium termo. Fio. 58.— Proteua vulgaris. 
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G. Hauser (I.) investigated this matter more thoroughly, 
and showed, especially, that Bacterium termo, in the sense 
implied by Cohn, does not exist. In 1885 ^® brought to our 
knowledge three putrefactive fission fungi, which are, moreover, 
bacteriologically important from their indisputable polymorphism, 
a peculiarity since recognised in many other species of bacteria, 
but at that time much disputed. Hauseťs discovery was welcomed 
by the supporters of this theory, and the importance attached to 
it at the time was expressed in the name given to the organisms, 
Hauser having chosen the generic name Próteus for these three 
extremely mu table Schizomycetea. A short description of their 
characteristics is subjoined. 

The cells of Proteua vulgaria are generally 0.9-1.2 /t in length, 
0.4-0.6 /i broad, and almost always occur in couples. In addition 
to these short rods, elongated forms, very frequently attaining a 
length oř 3.7 /t, also occur. Some extremely vigorous but very rare 
cells will measure 6 /i long by 0.9/1 broad. One of these is show^- 
in Fig. 58. The large number of cilia indicates considera 
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locomotive activity, and in fact this power is possessed by the 
various species of Próteus in a high degree, manifesting itselí both 
by a rapid forward movement and a concurrent (longitudinal) axial 
rotation. Hence, the coupled cells descríbe a kind of double cone, 
the vertex of which is at their point of junction. In addition to 
the above-named forms, gelatin cultures also yield špinila, with two 
to four convolutions ; thread-cells, which may grow to a length of 
loo /ti; and fínally "spirulina," or threads bent in the fonn of a 
bow, with ends twisted into a qneue, Under speciál circumstances 
involution forms are also produced : the cells swell up in the shape 
of a pear, and resemble spermatozoa, dumb-bells, &c., in fonn. 

Próteus mirabilis exhibits a very decided tendency for pro- 
ducing such involution forms. Globular or pear-shaped forms, 
3-7 fjL in diameter, are very frequently developed in the cultures 
of this microbe, which also exhibits polymorphism in a high degree, 
and in this particular greatly resembles the preceding species. 
Here also we meet with short rods, long rods, špinila, and thread- 
cells, rapidly moving one through another in varied alternation. 
At the samé time small but unmistakable differences exist. Thus, 
for example, these threads not unfrequently attain a length of 200 /x, 
i,e. double the maximum size of the fírst-named species. 

Próteus Zenkeri dififers from the two preceding species mainly 
in its inability to liquefy gelatin, but resembles them in other 
particulars, though its cells are generally smaller, the least of them 
being globular in form and 0.4 /ti in diameter. Short rods (0.8 /i 
long) joined in pairs are frequently encountered. These three 
species are unique in the bacteríal kingdom in point of motile 
power, which they possess to such a high degree that a solid 
medium containing only 5 per cent. of gelatin is unable to restrain 
them, and they make their way across it in all directions. In order 
to stop this roving motion the gelatin content must be increased to 
10 per cent This peculiarity is not only of physiological interest, 
but is also decidedly important so far as practical bacteriology is 
concemed, in that it indicates the f utility of employing nutrient 
gelatin media containing less than 10 per cent of gelatin for the 
preparation of pure plate cultures of Próteus species. To complete 
the characterisation of these three species, it should be mentioned 
that none of them forms endospores, and that their growth may be 
arrested by depriving them of oxygen, though they do not neces- 
sarily die in consequence. They will not thrive in minerál nutrient 
media, such as those of Cohn and Nágeli. When grown in albu- 
minous media, they produce stinking decomposition. A. Brodmeibr 
(I.) proved that in neutral or alkaline solutions Próteus vulgaris is 
able to convert urea into ammonium carbonate. He thus refuted 
the assertions of Leube to the contrary, and confírmed the discovery 
of Schnitzler and Hofmeister. 

No pretension can be made in the present work of giving a 
complete description of all known forms of putrefactive bactería, 



THE PUTREFACTIVE BACTERIA. 297 

and therefore the examples already cited, being the species most 
frequently met with, must suffice. Moreover, we háve already 
mentioned others of this class in previous paragraphs. One of 
these, viz., the Bactenum Zopfii, discovered by Kurth (I.) in the 
stomachs oí fowls and shown in Eig. 31, is, according to Czaplewski, 
identical with Próteus Zenkeri, This notě appears in an abstract 
of a work by Ch. Mouginet (L), who, also, minutely examined a 
number of putrefactive bacteria. Holschbwnikofp (I.) described 
a fission fungus dosely allied to Próteus vulgaris, which, from its 
faculty of producing sulphuretted hydrogen, has been named 
Próteus 8ulfiireu8, 

Only one more species will be dealt with here, apd that briefly, 
viz., Bacterium coli commune, which is an invariable inhabitant of 
the alimentary canal of the human subject (and of all the higher 
animals hitherto examined), and constitutes the most important 
of the bacteria present in faeces. This parasite was íirst described 
by Th. Eschbrich (I.) as a slender short rod, 0.4 /t broad, the 
length varying with the conditions of nutrition and cultivation, 
but mostly measuring 2-3 fí, though occasionally it decreases to 
0.5 fi. By some authors this fission fungus is named Bacillua 
coli communis and Colon hacillus, Like the Proteiis species, it 
generally appears as double rods, but its movements are sluggish 
and laboured. It does not liquefy gelatin. In media containing 
sugar it can develop even in the absence of oxygen, and liberates 
a gas which — according to Fremun (I.) — consists of two-thirds 
carbon dioxide and one-third hydrogen. No development of 
endospores has hitherto been detected. In its manner of growth 
in artificial media this organism agrees in many particulars with 
Bacillus typhi abdoniinalis, Consequently they are extrém ely 
hard to differentiate, and this makes the bacteriological examina- 
tion of water a particularly diťficult opera tion when the presence 
of typhus bacilli has to be quantitatively determined. A further 
complic^tion is imparted by the extréme sensitivity of B, coli com- 
mune to modifications in the conditions of cultivation, and by its 
great tendency to form varieties. For instance, a number of racea 
of B, coli commune are now known, which, under certain circum- 
stances, are not merely saprophytic, but also pathogonic. A more 
detailed treatment of this question would occupy too much of our 
space, and besides, the matter is fully recorded in Tiemann-Gártneťs 
work on Water Analysis. A synopsis of the most important 
researches of Escherich, Kohler, Baginsky, Bischler, and others, on 
the methods of nutrition of B. coli commune and its powers of 
decomposition, was prepared by M. Idb (I.) in 1891. The facts 
brought to liglit since that dáte will be found in the several 
yearly volumes of A. Koch's " Jahresbericht." 

We will now briefly refer to the subject of intestinal putre- 
faction. Mention has been made in a previous paragraph of the 
fundamental difference between the processes of decompositioi 



298 PHENOMENA OF PUTREFACTION. 

effected in the small intestine on the one hand and in the colon 
on the other, in man. On issuing from the stomach — where, by 
the action of the pepein and hydrochloric acid secreted by the 
gastric glands, a more or less extensive peptonisation of the diges- 
tible albuminoids in the food has been effected — the pulpy food, 
now known as chyma, has a strongly acid reaction (equivalent 
to 0.1-0.3 P^^ cent of hydrochloric acid). Immediately on its 
arríval in the upper division of the alimentary canal (small intes- 
tine), it becomes mixed with bile and pancreatic juice, under the 
iníluence of which the fat is emulsified and the insoluble carbo- 
hydrates (starch) are hyd roly sed. Both secretions háve an alkaline 
reaction, which, however, is not sufficiently strong to immediately 
neutralise the acidity of the contents of the intestine. This 
slightly acid nutrient medium, rich in sugar, offers a favourable 
field for the activity of the lactic acid and allied bacteria intro- 
duced along with the food ; and, moreover, the acidity restricts 
the development of the competitive putrefactive bacteria. In 
proportion, however, as the contents of the intestine are forced 
onward and approach the colon, the acid reaction is neutralised 
by the alkaline mucus secreted by the intestinal glands. At the 
samé time the composition of the mass has become changed, since 
the products of the hydrolysis of starch, which háve also to some 
extent been converted by the aforesaid bacteria, háve been absorbed 
into the blood-vessels. Therefore in the contents of the colon it 
is the (undigested or indigestible) albuminoids and biliáry con- 
stituents which are decomposed by the putrefactive bacteria now 
coming into action, and it is bere tbat the malodorous products 
(indole, skatole, volatile acids, sulphuretted hydrogen, &c.), to 
which the intestinal contents (finally issuing from the rectum as 
fseces) owo their repulsive smell, are produced. 

The researches of Macpadyen, Nencki, and Siebbr (III.) 
revealed both the actual course of the process just described, and 
the fact that, contrary to the view expressed by Pasteur, the 
pu tref action occurring in the colon is not essential to digestion. 
The above-named workers performed their experiments on a 
patient suífering from a strangulated hernia at the junction of 
the ileum and the csecum. This portion of the intestine was 
removed by an operation, nnd the subsequent surgical treatment 
necessitated the construction of an artiřicial evacuatory passage 
(anu8 pr(gtematnr(dw) at the extremity of the small intestine, until 
complete union of the severed portions was restored, an affair of 
six months* duration. Meanwhile, the contents of the intestine 
wero discharged through this artiřicial passage, and, though no 
digestive functions wero performed by the colon, the patient 
nevertheless kept in good health, and even increased in weight. 
This will explain why Nencki regarded the development of anti- 
septic digestion as the goal of the physiology of nutrition, i,e. 
digestion in which the putrefaction occurring in the colon is 
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either abolished, or at least reduced to a minimum, in order to 
prevent the formation of decomposition products that are not only 
uselesa to the body, but even troublesome and dangerous. As a 
matter of fact, Georgb Nuttal and H. Thibrpbldbr (I.) recently 
afforded a convincing proof of Nencki'8 theory by rearing some 
young porpoises, born by the aid of the Csesarean operation, and 
nourished in a suitable sterilised chamber. On examination at 
the close of the experiment, they were found perfectly healthy, 
though entirely free from bacteria. Pasteuťs assumption (which 
was also supported by Soxhlet with reference to his incomplete 
process of milk sterilising) was thus shown to be erroneous. A 
few observations on this point were also made by E. Ducladx (XI.). 

§ 170.— Proteolytic Enzymes. 

All the fission fungi (with the few exceptions given in Chapter 
xxxiii.) require nitrogenous nutriment for the construction of their 
cells. Such of these nitrogenous materials as are soluble in water, 
and therefore diffusible through the cell-wall by osmosis, need not 
be referred to here. Mostly, however, the nutriment presented to 
the bacteria is insoluble in water, and this is particularly the oase 
with the protein albuminoids. To enable these latter to supply 
the nitrogen required for the elaboration of the bacterial plasma 
they must first be converted into soluble compounds, a task which 
is effected by the proteolytic enzymes. So far no comprehensive 
study of these active bacterial secretions has been made, and at 
present our knowledge is chiefly confined to the enzymes dissolving 
gelatin and fibrin. A new classiíication of the bacteria into two 
groups, the liquefactive and non-liquefactive towards gelatin, 
according to the presence or absence of a proteolytic enzyme, has 
obtained currency in practical bacteriology since the introduction 
of the Koch systém of plate-cultures. 

We are indebted to Cl. Fermi (II.) for the first extensive 
series of pure culture investigations on this point. He proved 
that a gelatin-dissolving enzyme is formed in cultures of the 
foUowing species of Schizomycetes : — BaciUus subtilis, B, anthracis, 
B. megatheíHum, B. jyyoajanetis, Vihrio cholerce asiat icce, Vibrio 
Finkler-Prior, Micrococcvs prodigtosus, M. ascoformh, M. ranws^is, 
spiHlla from cheese, &c. Fibrin is dissolved as well as gelatin, 
but less readily that the latter. Egg-albumin and coagulated 
blood-serum offer greater resistance to these bacteria, thus indicat- 
ing that pepsin is not present. Reasons exist for assuming that 
the enzymes produced by the said microbes are not all of the samé 
kind, one conclusive indication being afforded by their behaviour 
under different temperatures. Thus, for example, the proteolytic 
enzyme produced by Micrororrus prodigiosus is rendered inactive 
(in solution) by a temperature of 55" C, that from B. pyocyaneus 
by 60° C, that from B, anthracis by 65** C, and that from Vihrio 
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Finklei'-Pnor not below 70" C. Sirailar dififerences of behaviour are 
observed towards acids, bases, and poisons. A f undamental difference 
exists between these enzymes and pepsin, since whereas the latter 
is extremely sensitive towards alkalis, and is absolutely incapable 
of dissolving albumin except in presence of free hydrochloric acid, 
the bacterial enzymes in question act on íibrin in neutral or faintly 
alkaline solutions only, though they will attack gelatin even when 
the liquid is slightly acid (0.5 per cent. HCl). On this latter 
account they more nearly resemble trypsin, i,e. the enzyme secreted 
by the gastric glands. None of the Schizmnycetes under examina- 
tion was found capable of producing an enzyme able (like pepsin) to 
dissolve fibrin in presence of an acid. According to Fermi'8 (IIL) 
results, the excretion of the proteolytic enzyme occurs, as a rule, 
only when albumin is present in the nutrient medium. Two only, 
of all the species examined by him, exhibited any variation in this 
respect, viz., Micrococcua prodigioms and B, pyocyaneus, which 
yielded a proteolytic enzyme when cultivated in a minerál nutrient 
solution qualiíied with glycerin or mannite. 

It has long been known that antiseptics in small doses exert no 
injurious influence on the action of enzymes. On this point some 
conclusive investigations were published by Fermi and Pernossi 
(I.), and use is made of this property in testing for the presence 
of a proteolytic enzyme in samples of liquids or bacterium cultures, 
an easy method proposed by Fbrmi (IV.) being employed. A 
so-called Thsrmol-gelatin is prepared in the following manner : — 
Water saturated with thymol is qualifíed with 5-10 per cent. of 
purest gelatin, and af ter being warmed on the water-bath is poured 
into test-tubes (10 c.c. in each). The tubes are kept in a vertical 
position, and are ready for immediate use as soon as the contents 
liave set. The thymol present therein will prevent any develop- 
ment of bacteria. A large stock of these tubes can be prepared, 
and the contents preserved from desiccation by placing the (open) 
tubes, mouth downwards, in a covered glass vessel containing a 
little distilled water. The liquid to be examined is fíltered to re- 
move any solid particles. A few c.c. are then placed in one of the 
thymol-gelatin tubes, and a little thymol is added to prevent the 
development of any bacteria already present in the sample. The 
tul)e being then left to stand at room temperature, the presence of 
any proteolytic enzyme in the sample will be revealed in a few 
days by the liquef action of an appreciable stratům of the gelatin. 
To enable this change to be reliably ascertained a mark is made 
on the tube at the time of fílling, to denote the level of the gelatin. 
The risk of the gelatin becoming dissolved by any large percentage 
of acid or alkali present shouid be obviated by neutralising the 
sample before commencing the experiment Liquids containing 
substances such as tannin, glycerín, &c., capable of preventing or 
retarding the solution of the gelatin, are unsuitable for use. This 
simple method may also be employed as an approximate quantitative 
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test for determining the relative strength of two solutions of a 
proteolytic enzyme, since the amount of gelatin dissolved per unit 
of time under identical conditions may be regarded as a measure of 
the concentration or potency of the samples. If tubes of equal 
diameter are ušed, then this relation is simply expressed by the 
height (thickness) of the two liqueíied strata. Fermi claims that 
his method is more reliable than those proposed (for the samé 
purpose) by Griinhagen, Griitzner, Briicke, and Schiitz, and which 
consist chiefly in determining the amount of fihrin dissolved by the 
sample under certain detinite conditions. As we háve already 
mentioned that this latter substance is attacked with greater diíii- 
culty than gelatin, it will be at once evident that Fermi's method 
is the more delicate. 

With regard to casease, i.e, the enzyme decomposing the 
casein of milk into soluble products, the chief particulars háve 
already been given in § 147. Many bacterial species are, however, 
capable of dissolving this albuniiuoid without any trace of casease 
being found in the cultures. One of these is the Bacierium pepto- 
facienSf isolated from milk by Al. Bernstein (I.), which is particu- 
larly active in converting casein into peptone and albumoses, a 
little (0.2 per cent.) lactic acid being also formed. If, now, the 
milk be boiled after the bacterium has been in action for a short 
time, the unconverted casein will be thrown down, and, when 
fíltered off, leaves behind a liquid which is rich in readily digestible 
peptones, and has been named **galactone" by its inventor. The 
mUk-sugar present in this liquid may be fermented by the addition 
of suitable yeasts, and then yields "galactone wine." 

The bacteriological researches of the past few years háve resulted 
in an important modification of the opinions held regarding the 
so-called caxnivorous plants. According to earlier statements, the 
glands of the parts of the plant acting as a snare secreted a dis- 
solving albumin enzyme, which digested the captured prey, i.e, 
converted its albuminoids into assimilable peptones, &c. Hoppe- 
Seyler in 1876 threw doubts on the presence of this enzyme in 
Drosera rotundifolia, and in 1889 K. Tischutkin (I.) ascriljed the 
phenomenon to bacterial ac ti vity. 

This observer ascertained that the juice collecting on the sur- 
face of the leaves of Pinguicula is rendered inactive by painting 
the leaves over with bactericidal media. The samé conclusion was 
arrived at by R. Dubois (II.) in 1890, iu his experimente on the 
contents of the urns of Nepenthes; and two years later the matter 
was again examined by Tischutkin (II.) in the foUowing plants : 
— Drosera rotundtfolia, L., D. Longifolia, L., Dionoea muscipula, 
EIL, Nepenthes Mastersi, the results coníirming the hypothesis 
expressed above, viz., that the digestion of the albuminoid bodies 
falling or introduced into the juice excreted by these plants is 
exclusively due to the activity of bacteria settling in the said 
liquid and there producing a proteolytic enzyme. According to 
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an analysis by Vólker, the juice coUecting in the cups of Nepenthes 
contains about 0.8-0.9 per cent. of dry matter, about 39 per cent. 
of which consists of malic acid and 50 per cent. of potassium 
chloride, Le, the two substances already mentioned in § 41 as 
powerful bacterium stimulants. The juice in the unopened young 
cups of Nepenthes contains neither proteolytic enzyme nor bacteria, 
the latter falling out of the air into the liquid only after the cups 
are opened. Ample opportunity is soon afforded for the exertion 
of their decomposing power on the insects caught in these traps 
and prevented by speciál contrivances from escaping. For the 
preparation of this nutrient materiál the organisms elaboráte 
enzymes, the proteolytic properties of which are utilised by the 
plant. These so-called camivorous plants consequently present a 
beautiful example of symbiosis existing between higher plants and 
bacteria. 

§ 171.— Ptomaines and Leucomaines. 

The first step towards the elucidation of the regrettable fact 
that putrefying albuminoids, when introduced into the blood- 
vessels of man or the higher animals, set up violent reactíons 
{íiepsisy 8€pticceniia\ which may, under certain circumstances, pro ve 
fatal, was made by P. L. Panům (I.) in 1856, who proved that 
putrescent albumin contains a poisonous fission product which 
cannot be destroyed by boiling, treatment with alcohol, oř similar 
methods, and is consequently not an organised creature, but a 
chemical compound (known as "extractive putrescent poison"). 
This discovery, which was tested and confirmed by M. Hb)(mer (I.) 
and F. Schweninqbr (I.), is also of historical importance in 
Pathological Bacteriology, since thenceforward medical views and 
researches concerning the nature of the diseases engendered by 
bacteria pursued two divergent paths : the one school holding 
these diseases to be toxic phenomena produced by the poisonous 
metabolic products (toxins) of parasites growing within the body, 
whilst the other regarded the vital activity of the organisms them- 
selves as the immediate cause of the malady. There is no occasion 
for US to foUow this conflict of opinions, which is still rife ; so we 
may confine our attention to the efforts of Panum's successors in 
the narrower field of albuminoid putrefaction. Among these E. 
Beromann (L) and O. Schmtedebero (I.) chiefly deserve mention 
as being the first to obtain (in 1868) a poison of this group — by 
precipitation as sulphate (the so-called sepsi n sulphate) from 
putrescent beer-yeast — in a crystalline form, and therefore avail- 
able for closer chemical investigation and characterisation. M. von 
Nencki (V.) was the first, in 1876, to successfully prepare such a 
poison in the pure statě, viz., the alkaloid collidine (isolated from 
putrid albumin), having the formula CgHjtN, and being (accord- 
ing to its constitution) trimethyl pyridine, C5H2N.(CH3)g. Such 
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alkaloids are also formed, as a matter oí course, during the de- 
composition o£ the human cadaver (Gr. ptoma), and on this 
account F. Selmi (II.) in 1878 gave the name ptomaines to putre- 
faction alkaloids in gcneraL 

This newly discovered group was gradually enlarged, and now 
includes more than fifty substances. Comparatively speaking, the 
majority of these new bodies were discovered by L. Brieoer (III.) 
to whom we are also indebted for new methods for the separation 
of these poisons f rom putrescent liquids. Of the ptomaines pre- 
pared by him, viz., choline, saprine (C^H^^Ng), putrescine (Cj^ 
Hi2^2X nenridine (C^H^^N^), and cadaverine, peculiar interest 
attaches to the last-named from its having been the first putre- 
faction alkaloid prepared by synthetic methods. The first to 
accomplish this was Ladenburg, who determined its formula as 
NH2.CH2— CH2— CHg— CH2— CHg.NHg, i.e. pentamethylene 
diamine. Putrescine and cadaverine were detected by F. Ober- 
MATER and R. Kerry (I.) in considerable quantities in the putre- 
faction of yeast. Choline (CH„.OH— CHg— N(CH3)3.0H) may 
be separated from lecithin, whicli forms an important constituent 
of nerve and brain. By substituting hydroxyl for one of the 
hydrogen atoms of the centrál CH2 group, we obtain mnscarine, 
CH2.OH— CH.OH— N.(CH3)3.0H, which O. Schmiedeberg and 
E. lÍARNACK (I.) recognised as the powerful poison of the red 
agaric (Ámanita jnusrana), and to which must be ascribed the 
iiitoxication resulting from the consumption of this fungus, or of 
the beverage prepared therefrom, by the natives of Eastern Siberia. 
According to L. Brieger (IV.), the samé poison also results from 
the putrefaction of choline and certain fdbuminoids, and it was 
also found in 1878 by Gautier in putrid fish. By separating a 
hydrogen atom from the centrál CHo group in choline and the 
hydroxyl adherent to the adjacent carbon, and combining these 
liberated equivalents to form water, we then háve left behind 
neorine, CH2 = CH — N. (€113)3. OH, a vinyl derivative which may 
also be formed in the putrefaction of nerve tissue and brain. 
According to the researches of P. Jeserich and F. Niemann (I.), 
choline undergoes this conversion under the action of Baderium 
roli commune. HydrocoUidine, C^H^^N, is regularly produced 
during the putrefaction of the flesh of horses and cattle, and is 
generally accompanied by the nearest homologue of collidine, viz., 
parvoline, CgHjjN. A more detailed characterisation of these 
ptomaines must be omitted here, but the reader desiring instruc- 
tion in this particular will be able to obtain it from the concise 
monograph by F. Jacquemart (I.). Not every ptomaine is 
poisonous, — cadaverine, putrescine, and saprine being devoid of this 
property. 

The composition of tsrrotoxicon, or cheese-poison, which was 
first discovered by V. Vaughan (I.), is still unknown, but from its 
chemical behaviour it appears to consist principally of a diazo 
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body (diazobenzene 1). It is formed (under conditions still un- 
investigated) in stored cbeese by the action of bacteria, and when 
eaten in such cheese produces symptoms of violent poisoning. A 
čase of this kind, in which lifty persons were simultaneously 
attacked, is recorded by Sch. Wallace (I.). The samé poison is 
also occasionally formed in milk. Thus, Vauqhan (II.) reported 
an instance of eighteen persons being rendered ill by eating 
vanilla ice, from which substance (chiefly composed of milk) 
crystals of tyrotoxicon were obtained. L. Dokkum (I.) extracted 
from a cheese recognised as dangerous to bealth a ptomaine-like 
substance which he termed tsrrotoxin, but which is not identícal 
with tyrotoxicon. In America such cases of cheese-poisoning are 
more frequent than in Europe, Yaughan having enunierated three 
hundred within two years. 

It is not essentially necessary that the food should contain 
ready-formed ptomaines for symptoms of poisoning to appear. On 
the contrary, the ptomaines may be formed in the body itself if 
the food contain bacteria capable of producing them, and provided 
that the composition of the substances present in the intestines is 
favourable at the moment. In such event the poisons are called 
leucomaineS) and most of the cases of so-called meat-poisoning 
are due to this cause. Thus A, Gártner (I.) reported a čase 
wherein he succeeded in identifying a físsion fungus, Bacillus 
ententidh, as the cause of the poison, and the samé microbe was 
discovered by J. Karlinski (II.) in a čase of meat-poisoning in 
Herzegovina, where sun-dried meat ("suché mieso") is an ordinary 
article of trade, and is frequently eaten raw by the natives. Many 
of the cases of so-called fish-poisoning, i.e, illness produced by 
eating fish, also belong to this cate^ory. On the other hand, these 
ill effects may also be brought about by ptomaines produced during 
the storage of this (readily decomposable) food-stuff, a remark which 
applies equally to the so-called sausage-poisoning. Researches on 
this point háve been conducted by H. Maas (I.). The poisonous 
decomposition products developed by the activity of fission fungi 
in eggs, and also cases of poisoning ensuing from the consumption 
of eggs 80 spoiled, háve been investigated by Glasmacher (L), 
BoNHOFP (II.), and Grigoriew (I.). 

§ 172.— The Albuminous Poisons. 

To attribute the poisonous effects of bacteria, in all cases, to 
the formation of products of the ptomaine group would be incorrect. 
As a matter of fact, the injury is frequently caused, not by these 
alkaloids at all, but by certain trne albuminoids, which, on account 
of their decomposing power, háve been named active albumin. 
We háve to thank Christmas and Hankin (I.) for the first proof of 
this fact, though PflUger was cognisant of it as long ago as 1875. 
We háve already stated in § 82 that certain pathogenic físsion 
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íungi will develop on nutríent media destitute of albumin and 
there elaboráte poisons syňthetically. 

The fundamental differences between active albuminoids and 
ptomaines are not coníined to their production and composition^ 
but extend also to their mode of action : the former behaving like 
enzymes, and acting as a result of the lability of their atoms, so 
that a small quantity of the active substance is able to induce 
decomposition in a comparatively enormous mass of deconiposable 
materiál. On the other band, the poisonous efifect of the ptomaines 
depends on the quantity coming into play, and increases there with. 
As is the čase with enzymes, the active albumin is completely de- 
prived of its powers by moist heat (100° C), by which it is con- 
verted into non-poisonous passive albumin ; whereas the ptomaines 
remain undecomposed and undebilitated by the samé treatment. 
This fact is also of importance to the food-stufif chemist, since it 
will restrain him from certifying a sample of suspected meat to 
be innocuous merely because a negative result has been obtained 
with the current alkaloid reactions. 

Many cases of meat-poisoning are probably due to the presence 
and action of active albumin. A fuUer insight into this matter 
must first, however, be gained by investigation. Thus we find it 
recorded by M. Arustamoff (I. ) that in the Lower Volga distríct 
the opinion prevails that only the consumption of nncooked fish 
(salted sturgeon and salmon) is harmful. In view of the remarks 
already made on the iníluence of heat on active albumin this 
observation becomes intelligible. The danger resulting from the 
presence of living bacteria in incompletely sterilised milk, and 
their developiug in the intestines of the nursing infant (see § 125)^ 
is probably in many cases due to active albumin formed by the 
organisms. The author puts this interpretation on the results of 
the experiments made by A. Lúbbert (I.) on this point. 

As was first established by Mitchell and Rbiohert (I.) in 1886, 
it is to the presence of such active albumin that the efiects of 
snake-poison are due. Moreover, albuminous poisons are found 
in the normál blood of different animals, a circumstance first estab- 
lished by A. Mosso (I.) in the čase of Murcmidce, to which family 
(he common eel belongs. A list of físhes naturally containing 
poison has been drawn up by J. Pohl (I.). Poisonous albuminoids 
are likewise found in various plants, e,g. abrin in the seeds of the 
patemoster ])ea (seeds of the wild liquorice, Ahrus precatoriu8\ 
ricin in the seeds of Ricinus communis, and many others. 

The reaction between the animal body and bacteria is reciprocaL 
Just as the latter are able to excrete noxious metabolic products, 
the effect of which on the infected animal body is manifested as 
disease, so also the former can elaboráte substances having a 
poisonous eífect on the parasitic micro-organisms. The normál and 
continuous presence of such protective albuminoids, or alexines, 
as they are called, in the blood, is the cause of the natural immu- 
VOL. I. u 
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nity enjoyed by certain animals against ceriain pathogenic species 
of bacteria. A cloeer consideration of this matter would, however, 
be beyond tíie scope oí the present work, though it must be 
referred to, as throwing new light on the connection between 
Bacteríology and Physiologíoal Chemistry. Full information on 
the subject of protective inoculation and sérum therapeutics can 
be gathered írom the concise text-book prepaied by Hubppb (VI.), 
which at the samé time provides an introduction to the study of 
Pathological Mycólogy, On this latter subject P. Baumgarten (I.) 
has written a reliable handbook which is hereby recommended to 
íood-stuff chemists and agriculturísts. 

§ 178.— The Liberation of Nitrogren, and 

De-nitriflcatlon. 

The interest with which the farmer regards the decomposition 
of nitrogenous substances, both in the manure heap and in the 
soil, always proceeds from the samé desire : to know what becomes 
of the nitrogen, and whether it is retained in the soil. 

The alterations suífered by the nitrogenous manurial constituents 
derived from urine will be described in Chapters xxxii. and xxxvi., 
and at present we are concemed merely with the putrefaction of 
the albuminoids, &c., evacuated in the fseces. 

In the íirst pláce, it must be remarked that a loss of nitrogen 
may occur, not only as a result of its liberation in a free gaseous 
fltate, but also in consequence of the volatilisation of ammonia 
produced by the action of micro-organisms on the albuminoid 
matter of the manure. We are indebted to E. Marchal (I.) for 
proving that the facul^v of eliminating ammonia from albuminoids 
is common to a great many fungi (both Schizomycetea and Eumy- 
ceies), occurring in large numbers in the soil, and quite distinct 
from the Schizomycetes efíecting the conversion of urea. Among 
the fungi (widely distributed and frequently discovered ín the 
soil) examined and recognised by Marchal (II.) as powerful 
ammonia - producers, may be mentioned in the Schizomycetea 
group: — Bacillua mycoidea, Fliigge; B, fluoreacena lique/aciena, 
Fl.; B. fluoreacena putidua, Fl.; B, auhtilia^ B. arboreacena, A 
tneaenierícua vvlgatua^ FL ; B, meaentericua ruber, FL ; B. janthtntía, 
Zopf; Proteua vtdgaria, H; Bacterium coli communey Sarcina 
lutea, MicTococcua roaeua, Fl. ; M, flavua^ FL ; M, candicana, 
FL, &c. ; and in the Eumycetea group : — Aapergillua terricola^ 
Penicillium glatwum, P, cladoaporioidea, Mticor mucedo, M, race- 
moaua, Botrytia cinereaf B. vulgaria, Cephalotliecium roaeum^ and 
others. The potency of the diíferent species varies, the largest 
quantity of ammonia (0.8 gram per litre of nutrient solution) 
being produced by Bacillua mycoidea, This last-named físsion 
íungus, which was minutely examined by Marchal, decomposes 
both albumin, leucine, and tyrosine, but does not attack urea. 



LIBERATION OF NITROGEN. 307 

The losses occasioned by the volatilisation of ammonia produced 
in this maoner may be very coDsiderable, but will uot be further 
considered here. We will now tum to the liberation of uncom- 
bined nitrogen. 

The fírst researches on this point were nndertaken by Julbs 
Beiset (I.) in 1854 and 1855. He asserted that free nitrogen íb 
always evolved during the putrefaction of manure, whilst G. 
HúFNBR (I.) arrived at the contrary opinion, being unable to dis- 
cover any liberation of free nitrogen when atmospheric air or pure 
oxygen was led through the putrefying substances. The samé 
result was obtained by Alexander Ehrenberg (I.), O. Kellner 
and T. YosHU (L), and Br. Tacke (L); and this view was also 
held by H. Immendorff (II.) in 1893. 

Although these discoveries may justify the conclusion that no 
free nitrogen Í6 disengaged duňng the putrefaction of albmninoids, 
it must not^ however, be assunied that the samé also applies to 
the decomposition of manures in generál under natural conditions ; 
since, under these circumstances, yery considerable quantities of 
this element can be liberated and become lost to the soil. This 
result is, however, due to the reduction of nitric salts, and not to 
the putrefaction of albuminoids. 

This de-nitriflcatioii in arable soil was fírst noticed by Goppels- 
RÓDBR (I.) in 1862, and was long regarded as a purely chemical 
process. The fírst reference to the agency of bacteria in this de- 
composition was made by £. Meusel (I.) in 1875, and the earliest 
pure cultures of such organisms were obtained by XJ. Gaton and 
O. DuPETiT (II.) in 1882. In succeeding years a large number of 
species, all capable of reducing nitrates, was made known ; e.g, by 
W. Hbraeus (I.) in 1886. Two years later P. Frankland (II.) 
was able to associate with the group in question 17 out of 32 
species, and R. Warington (I.) 16 out of 25 species examined, 
among them being Badllus ramosm, the so-called "Wurzel- 
bacillus." All these reduce nitrates into nitrites, but these two 
chemists do not say whether the latter substances in tum may 
be still further reduced by the bacteria. For this reason we must 
revert to the labours of Gayon and Dupetit (IIL), who made 
pure cultures of two bacterial species, named Bacillua denitrificans 
<3L and j8, which exhibit a noteworthy difíerence in their behaviour 
towards nitrates. Species a is the more energetic, decomposing as 
much nitráte as is presented to its action, and reducing the samé 
to nitric oxide and free nitrogen. The j3 species, on the other 
hand, forms ni tri tes, and ceases to act before the whole of the 
nitráte is destroyed, free nitrogen being the only gaseous fer- 
mentation product. Quite distinct from these two species is the 
Bacillus denitrijicans, isolated from arable soil by E. Giltay and 
J. H. Aberson (L), which reduces the nitrates to free nitrogen in 
an almost quantitative degree. When grown on nutrient gelatin 
the rods measure 0.5 /x in breadth and 1.5-3 /x in length, but in 
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liquids they assume a somewhat more elougated fornt. Cloself 
alíied to these three species is the Bwilliia denitrijieani XI., dia- 
covered by R. BuRRi and A. Stutzeh (II.) on old etraw, hut 
diSering from tbem in tlint it liberatea es gas only some 80 per cent. 
of tbe nitrogen in the decompoaed nitratea, the remainder bein;:; 
elaborated itito aíi organic compound {atill uninvestigated), whiuh 
is precipitated in large fJakea. The samé observation waa made 
(though not wtth pure cultn^es) by E. BbÉal (I.) in 1891. Like 
the aforesoid three Schizomyeetes, Baeillu* deniíríjicatu II. ia 
anaerobic, and decomposes nitratea only when oxygen is ex- 
cluded. Another (sporogenie) de-nitrifying bacillua, isolated by 
J. ScuittOKtKH (I.) from horse-dtmg, may also be mentioned. 

Tiie facultatively anaiirobic Bacteriitm coli commuru exhibits 
B, peculiarity worthy of speciál consideration. 'When kept in a, 
nutrient solution by itself and with exclusion of air, it reduces 
nitrates to the condition of nitrites; blit the decompoaition pro- 
ceeds in quite a dilíerent mannci when the oi^auism is grown in 
aymbioeia with a second species of Itacterium, invariably found in 
horae-dung by both the above-nanied workers, and named Bacillus 
de)iitrijk'aiiit I. In such čase, even when air is odtnitted, tbe 
nitrogen of the nitráte is set at libeTty, tliotigh neither species is 
ftble to produce the samé effect by itself. Baeteritim roli rmnmune 
can, however, be repiaced by BnHlbin lyphi a/Klomimilig. The 
potassimu oř sodiiim present in the nitrates oř nitrites is converted 
into n hydroxide, ivhich accumulates in the medium, and eventu- 
ally arresta the vital activity of the bacteria in question. For this 
reason not more than 5 oř 6 grama of saitpetre (potassium nitráte) 
can be fermented per litre. The ínct that Bacterium coli rom- 
mune in the absence of air (e.rj. in the intestines) converts nitrates 
into the exceedingly poiaonous nitrites is alao of interest to Patho* 
logical MycoJogy, hut we cannot further diacuss the matter here. 
The important point, so far ae wo are now concerned, ia, that the 
diseiigagement of free nitrogen from nitríc salts can go on even 
in the presence of air. The de-uitrification occurring in stored 
manure and in arable soíl appears to be a twofotd process : the 
anaerobic nitráte destroyers acting in the lower strata away from 
the air, whilst the aymbiotic activity of the Baeteríum eoU /■oni- 
mtine (so plentiful in animal excreta) and the Burillm deniirijiram 
I. comea into play at the surface. From thia it is evident that 
lbe theory which assumea the poasibility of preventing the de- 
atructioti of nitratea by tborougbly looaening, and consequently 
acratiiig the aoil, is of little value. — The bacteria in queation are 
(for eome unesplained reaaon) preaent io enormoua numbers in the 
excrenient of varioua animals. First in this respect is horse-dung, 
which has always been regarded by practical men aa a hot manure, 
a property which is explained by the foregoing obaervationa. 
Consequently such manure shouid not be applied, especially 
wl)en fresh, to soil tbat bas lecently receired a dresaing of nitráte 



LIBERATION OF NITEOGEN. 309 

of soda ; otherwise a serious loss of nitrogen will result This 
injurious actioa is, however, not limited inerely to such fíelds aa 
háve been artifícially manured with nitráte, since (as we shall see 
in Chapter xxxvi.) the ammonia salts i& the soil are, under íavour- 
able conditions, oxidised into nitrates by the activity o£ a speciál 
group of bacteria, such nitrates then forming a welcome food for 
the organisme dealt with in the present paragraph. That it is 
a question of more than merely insignificant quantities will be 
evident from the discovery reported by Paul Wagnbr (I.) — a 
discovery which led to the i^oresaiď researches of Burri and 
Stutzer — viz., that out of 100 parts by weight of nitrogen applied 
in the form of stall-manure to the soil, only 25 parts are, on an 
average, recovered in the crop, whilst the remaining 75 parts are 
«ntirely lost. These fígures do not f ully represent the extent of 
the loss occasioned in the soil aud manures by the activity of the 
de-nitrifying bacteria, and there still remains another phenomenon 
for consideration. We must recall that the físsion fungus known 
as Bacillua denitnjicans (and probably also a number of allied 
species not hitherto investigated) separates nitric oxide as well as 
nitrogen from nitrates. This oxide then escapes into the outer 
layers of the manure heap or soil, where it is brought into contact 
with oxygen, and combines there with to fí)rm nitrogen trioxide — 

2NO + O = NjOa. 

This latter then reacts on the ammonia and ammonia deríva- 
tives (urea, &c.) in the soil, in such a manner as to liberate both 
the nitrogen of the trioxide and that of the ammonia as well — 

N2O, + 2NH8 = 2Na + sHaO. 

Consequently the nitrogen compounds insusceptible to the direct 
action of the microbes in question are also included in the wasteful 
reaction set up. It was on this account that the production of 
ammonia during the decomposition of manure was casually re- 
-ferred to at the commencement of this paragraph. The present 
is a fítting opportunity for referring to the statements of several 
workers — e.g. H. B. Gibson (I.) — who, like Reiset, thought they 
had observed a liberation of nitrogen in their researches on putre- 
faction. Their results were all obtained by the use of complex 
bacteria! mixtures, aud therefore cannot be considered as reliable. 
In this čase, also, those experimente alone are decisive in which 
pure cultures háve been employed. 

By the activity of these bacteria an enormous quantity of com- 
bined nitrogen is daily set at liberty in the soiL To replace this 
loss, and to restore the continuity of the nitrogen cycle, is the task 
of a separate group of bacteria, which wiU be dealt with in 
Chapter xxxiii. 

The reduction of nitric acid by bacteria does not always stop 
short at the liberation of free nitrogen, but in many instances 
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extends to the fórmation of ammonia. Several inyestigations on 
this point were made by O. Loew (IIL), but^ unfortunately, not 
with pure cultures. He found that '^ordinary putrelactiye bac- 
tería," grown in a solution of z per cent. of peptone, 0.2 per cent. 

of KNO3, ^^^ ^'^ P®'' ^®^^' ^^ ^^^^41 cause the potash and 
carbon dioxide to combine, whereas the nitrogen of the nitríc acid 
is converted into ammonium carbonate. When 0.2 per cent. of 
ethyl alcohol is also present (in anaerobic cultures) the acetate is 
formed instead of the carbonate. 

What has already been detailed will explain the so-called nitric 
fermentation of molasses. The cell sap of the sugar-beet con- 
tains a quantity — generally small, but occasionally larger — of 
nitrates, principally potassium nitráte. This is not separated 
during the saturation process, but remains in the maas in un- 
diminished quantity, a portion crystallising out, and being then 
found in the raw sugar from the centrifugal machine, whilst the 
rest remains in the mother liquor, i.e, the separated syrup. If this 
syrup is then boiled up for the roanufacture of second product, 
and again passed through the centrifugal machine, the proportion 
of nitrates in the mass will be still larger, — PeUet having found 
1.9 per cent. of KNO3 in one sample examined by him. At this 
stage the molasses has a faintly alkaline reaction, and is rich in 
organic and inorganic nutrient substances of various kinds. Hence 
it is no wonder if bacteria rapidly develop therein. Under speciál 
€onditions the upper hand is gained by such organisms as reduce 
potassium nitráte and eject its nitrogen in the form of NO, which 
compound, on coming in contact with air, is oxidised into the 
dioxide NOg. The latter hangs as a dense red-brown vapour 
over the surface of the molasses, and the sugar-maker then says his 
molasses is in a statě of nitric fermentation. This phenomenon is 
of less frequent occurrence in the "reserves" in the sugar-fac- 
tories than in the dilute molasses of the molasses distilleries. 
Certainly, the activity of these reducing bacteria can be arrested 
by souring, but this treatment liberates organic acids inimical to 
the yeast. Bearíng this in mind, Czeczetka proposed to remedy 
the evil by boiling the molasses directly the malady is observed. 
According to a report by Dubrunfaut (I.) in 1868, nitric fer- 
mentation was íirst noticed by TiUoy at his distillery in Dijon, 
and was successfully suppressed by him by boiling the molasses 
along with sulphuric acid. An explanation (characteristic of the 
statě of knowledge in the domain of Fermentation Physiology at 
that time) of the fayourable iníluence of this treatment was made 
in the samé year by J. Beiset (II.), who stated that the NO or 
NOn formed during the so-called nitric fermentation proceeds from 
the oxidation of ammonia in the molasses, this being attacked 
only when present in combination with a tceak acid, whilst when 
in the form of sulphate it resists the action of oxygen; conse- 
quently the molasses treated in the manner adopted by Tilloy 
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was exempt from this decomposition. This view wa8 left uncou- 
tradicted by Béchamp (III.), although he had already ascríbed 
de-nitrification to the agency of micro-OTganÍ8m& A cloeer in- 
vestigation (embodying modern methods of working) of this nitric 
fermentation of molasses is highly desirable. To be thoroughly 
satisfactory, such research must trace the course followed by the 
potassium nitráte in the juices of the sugar-works, and more 
narrowly examine the quantitative dependence of the nitráte in 
molasses on the method of preparation employed, very little being 
as yet known on these points. 

The nitric decomposition in question is also of frequent occur- 
rence in the fermentation of tobacco in heaps. Schlósing (IIL) 
reported in 1868 on the fírst observation made of this phenomenon 
by Ch. Ray. 

§ 174.— The Loss of Colour (UmschlasTen, Brechen) 

in Wine 

was first examined chemically by G. Mulder (II.) in 1855. Of 
this complaint, which is known in France as vin toumé and in 
Italy as vino girato, he gives the following explanation : — " This 
alteration of wine coiisists in a decomposition of the tartaric acid, 
but how this decomposition is induced is unknown. The cream 
of tartar is converted into potassium carbonate, whereby the colour 
of red wine is altered and becomes brown. The decomposition 
begins at the bottom of the cask, and is hence undoubtedly a result 
of the decomposition of the organic matter of wine-yeast, which 
contains a substance acting destructively on the tartaric acid, and, 
in co-operation with air, oxidising it to carbon dioxide and water. 
As the malady progresses, the alcohol is converted into acetic acid, 
and a pntreíáctive fermentatioii ensuea" The commencement 
of this malady, which appears more frequently in red wines 
than in white ones, manifests itself by a slight evolution of carbon 
dioxide, which preHminary symptom is known in practice as " boil- 
ing away" (versieden). Tartaric acid is not the only substance 
eliminated, glycerin also — according to the researches of P. Carles 
(I.) — being slowly decomposed. Simultaneously, the amount of 
voíatile acids increases to an unusual extent (up to 4 grams per 
litre), a fact observed by Schttltz (I.), and afterwards confirmed 
by J. Macagno (I). 

Ten years after Muldeťs observations, Pasteur (XIL) undertook 
the task of discovering the cause of this malady and proving that here 
also the activity of a still unknown micro-organism was in question. 
He showed that in wines afíected with this complaint bacteria are 
always detectable in large numbers, their length being 3-5 /i, with 
a breadth of 1-1.5 ft. Greater probability was imparted to this 
assumption by the observation made by Sohultz (I.), who, in 1877, 
succeeded in artifícially imparting the malady to sound wine by 
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inocnlating it with a. smál] portion of a wine already ÍJiíected. A 
doeer Btudy of tho oTganisni could not at tliat tiiue be mode, 
oning to the lock of iiiethoda of pure i:ulCure, o defect that, in. 
thiB cotmection, wus fitaí overcome by K. Krauer (I.) with the 
organisma from a number of samplea of Stvrian and Croatian 
wines affected with loss of colour, This malady, as is weli known, 
ií exceedingly prevalent in southern countňea, and cauees preal 
lofls to the agricultural interest every year. Kraiiier examined 
nine VBrioiis species, all aiiiobic and liquefying gelatin. The firat 
eeven of them Le nomed Baňllvs eapivgeneg eitti I,- VII., and the 
other two Microeoeruit eaprof/enes mni I. and II. l)etaila and ex- 
perinienta to prove whether these species are capable of producing 
loss of colour in sound wines are still wanting, and consequently 
the Scliizomycetes in question poesees a merely morphologíc&l 
intereat. The actively niotile Bď-Uliis naprogetieg t-ini /., which 
Í8 foTind in nearly every sample examined, is probably iďentical 
with Pasteuťa " Barílhis dit vin toumé." It attains a breadth of 
I n and a length of 2.5-6 11; aad banda compoeed of two oř three 
cella are not rare. Bacillus »apr. v. III. and VI, form endospotea, 
and the celIs of Mptocwcus eaproyene» vint II. háve a diameter of 
1-1.4 /i. A pure oulture of a bacillus, which, however, waa recog- 
nised as innocuous, was obtained, froni Italian wine sutfering from 
IS of colour, by J. Galeazí!] (I.) in 1894. 
These remarlts sum up all that has hitherto been liiscovered 
by ferinentation physiologists respecting the loss of colour in winea. 
Consequeutly, knowledge of the subject is etill ooly in a very early 
aCage, and we can only hope that future researchea will succeed 
in nfibrding us further enligb ten ment This wine malady is so 
dÍver3Í6ed in its mode of deveiopuient and so c!iaiigeal)le in ite 
course, that we are obhged to ascribe it to a very £ne example of 
inetabiosls, i.e. that a single bacterial species is insufficient to 
ocťHsion the complaint, the successive nction of a number of 
species being essential. In fact, the number of decompoaable 
constituents in unaltered sound wine is so great as to preclude the 
possibility of a single species elfecting all the changes involved. 
Consequently, ínvestigations on this point will neetl to be carríed 
out on a aomewhat comprehensive scale. Several purely chemical 
researchea into the changes produced were made by J. Kunig. ond 
abstracts of them are giveii in Habo and M4CH'a (I.) "Handbuch 
des Weinbaues" (Handbook of Viticulture). Similnr researchea 
shotild now ho made with pure cultures of bacteria ísolated from 
winea that háve lost their colour, and such researches should also 
include the examination of the changes produced by the ditferent 
species of these organisms, in each of the most inqiurtnnt 
etituente of wine. 

Thia malady is also known as the patref&ctÍTe fermentatlon 
or "decaying" of wine, from the finál coudition attained by the 
liquid. Wines rích in albumin, e.g. even the Hungarian red 
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wines, according to M. Pretss (L), are found to háve a speciál 
tendency to loss of colour. In order to understand why southem 
wines are so prone to this malady, it is necessarj to recall the fact 
— already mentioned in previous chapters, and first quantitatively 
investígated by N. Sieber (I.) — that putrefaction does not ensue 
in strongly acid liquids, whereas these wines are 'pofrr in acid, 
F0N8ECA and Chiaromontb (I.) recommended the addition of citric 
acid to increase their power of resisting the complaint. Tiie de- 
struction of the acids of wine niust therefore precede its fínal 
putrefactive fermentation ; hence the primary object of research 
must be the discovery of the changes produced in these acids. 
Here, again, everything still remains to be doně, since all the 
information at present available is derived almost exclusively from 
experiments in which pure cultures were not employed. 

According to the discoveries of Pastbur (IX.) and A. Fitz 
(lY.), tartaric acid (in the form of its calcium salt) can be de- 
composed by bacterial agency in three ways : viz., either into 
propionic acid (along witli a little acetic acid) ; to butyric acid ; 
or, finally, to acetic acid, small quantities of ethyl alcohol, succínic 
acid, and butyric acid being also produced. Malic acid also may 
yield very different fermentation products, among which Béchamp 
^IV.) mentious acetic acid, propionic acid, butyric acid, carbon 
dioxide, and hydrogen. According to the researches of A. Fitz 
(IV.), malic acid (combined with lime) may be split up by different 
species of ferments in thrce different ways. In the first čase, 
succinic ncid, acetic acid, and carbon dioxide are formed, the 
relative proportions being approximately represented by the 
•equation 

3COOH— CH2— CH.OH— COOH = 2COOH— CH2— CHjr-COOH + 

CHs— COOH + 2CO2 + HaO, 

In a second čase, propionic acid, acetic acid, and carbon dioxide 
may be found ; oř, thirdly, butyric acid may be the chief product, 
along with a small quantity of carbon dioxide. With regard to 
sncchiic acid, Béchamp (V.) asserts that this also may be split up 
(by a bacterial mixture not more precisely specified) into propionic 
acid and carbon dioxide, the following equation — 

COOH— CH2—CH2— COOH = CHs— CH2— COOH + CO» 

approximately expressing the reaction. The succeeding homologue 
of this acid, viz., pyrotartaric acid, breaks up, under similar 
conditions, into carbon dioxide and methane, according to the 
^uation — 

2COOH— CH2— CH.CHjr-C00H + 2H20 = 5CH4 + 5CO2. 

According to the researches of Fitz, citric acid is converted, 
hy an unspecifíed bacterial mixture, into acetic acid and small 
quantities of ethyl alcohol and succinic acid. A series of experí 
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menta on the liehavioiir of fiíty-two speciPS of bactería towards 
twenty-one dilferent organic acids waa performed by A. MaassKU 
(I.), principally on medical grounda. Oae result of this reeearch 
waa the discovery of a new characteristic— valuablo in the bacterío- 
logicat analysis of water — for the diflerentiation of Barillm tifplii 
aMominalia from Bacterium colí comtnuTW — víz., fricarbalhjHr wid, 
COOH— CH,— CH . COOH— CH2— COOH. which ia attacked and 
partly deatroyed by the firat-nameď organisni, biit Í8 left altogether 
untouched by the second. 

More minuté investigationa intfl the fermentation of the above- 
named ot^anii: ocida would be of value, not only in Bolving the 
preliminary queations involved in the study of loas of colonr in 

r, but also in connection with tlie decrease in the acidity of 
wines and frnit wlnes durins atorage, a phenomenon -wel] known 
in pmctiee and ona qiiantitntively exaniined by Paul Behrend 
(I.) and by P. Kulisch (I.). Thia decrease— so "lonp as it remains 
within narrow limita — ia looked upoii ivith favour, as eontriliuting 
to the rounding and iniprovement of the flavour of the maturing 
wine. If, however, it proceeds too far and the acidity falla too low, 
thsn a proiwrtionate decrease in the power of the beverage to with- 
staiul disease (especially loss of colonr) ensues. This fermentation 
of the acida ia, as aiready stated, pňncipally effected by fiBsion 
fungi, on which point a few pnrticulars háve been given by 
MCr.r.ER-TauROAU (V.), To a amallextent these acids are conaumed 
by the yeast in the prímary fermentation, so that the quantity 
preaent in the young wine is less than in tbe muat. Cousequently, 
if the total acidity in the former is found greater than that of the 
fresli grape-juice and fruit-must, the excess ia due to tho carbonic 
Bcid heid in solution. 

Grapea from vineš infested with mildew, wliereby both de- 
velopment and sugar formation are retacded, yield wine poor in 
akohol and consequently of low reaiatíng power. Siich wine fre- 
quently beconies diaeased, and ia then known in France as vin 
mildioušé. Here again bacterial agency is at work, the rod-ahaped 
organisms íorming many-jointed chaina and reproducin;! so abun- 
dantly, that they tinally accuninlate as a thick aediment. U. GatoS 
(II.) regards this malady as identical with that cauaing loas of 
colour, because lie identified in vinji mUdiousét the aame volatila 
acída (acetíc and propionic acids) as háve been diacovered by 
others, e.ff. E. Duclaus (XII.), in vint touifiég. 

The mumitic fermentation of wine, which preaents a certaín 
oppositeness of character to the malady known as loss of colour, 
will be deaciibed now, becauae otherwise no suitable occasion 
would arise. This complaint doea not wait to attack the finiahed 
wine, but even makos ita appearance at the stage of primary fer- 
mentation. If the Burrounding temperature keep-s above 30° C, 
then alcoholic fermentation ia confined wjthtn narrow limits, and 
an opportunity is thus nfforded for the development of certaín 
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species of bacteria which convert the sugar of the must into mannite. 
Of this hexatomic alcohol there will be produced, according to 
circumstanceSy from i to 30 grams per litre of wine, in addition to 
a little acetic acid. A knowledge of this fact is useftd to the aná- 
ly tical chemist as welL Attention was first drawn to the niaDnite 
content, of Algerian wines in particular, by P. Carles (II.) in 
1 89 1. Figs, as is well known, very often contain considerable 
quantities of this alcohol ; hence Carles thought that the presence 
of mannite in any ivine indicated adulteration by fig-wine. How- 
ever, as reported by J. Behrbns (IV.), the presence of mannite in 
reliably pure natural wines {e,g. Bordeaux, Cháteau-Yquém) had 
been proved a year previously by Portes and Lafauríc ; and very 
soon afterwards Jégon (I.) shovved that in wines of reliable purity, 
but imperfectly fermented, as much as eight grams of mannite 
could be found per litre. L. Koos (I.) then proved that this result 
was due to bacteríal activity, a discovery confirmed by U. Gayon 
and E. Dubourg (I.), who isolated from such wine a pure culture 
of a non-motile short-rod fission fungiis, capable of converting 
sugar into mannite (up to 50 grams per litre). In nutrient 
Solutions devoid of suj^ar this species fails to develop, a circum- 
stance sufficient to distinguish it from the bacteria (presumably) 
causing the loss of colour in wine. Moreover, these latter — as 
already observed by Mulder — attack cream of tartar first of all, 
whilst the bacteria of mannitic fermentation leave this salt com- 
pletely untouched. The fact, now firmly established, that a high 
temperature (36* C. or over) favours the appearance of the last- 
named microbes, explains the defective fermentation (familiar 
to Sicilian and Algerian wine-growers) of wine-must during the 
prevalence of the bot south wind (sirocco or simoom), the red 
wines, in particular, being greatly affected. According to G. 
Basile (I.), this wine disease is as frequent in Sicily as it is 
dreaded, and in some years affects the greater part of the vintage. 

The bacteria here coming into action can be destroyed by 
heating up to 60° C, a treatment impossible to apply hitherto on 
account of its fatal effect on yeast-cells. However, by artificially 
inoculating (pitching) with strong, pure yeast, and by cooling the 
mash down to 1 5^-20'* C, the liquid could be rapidly brought 
into a statě of alcoholic fermentation, which could be controlled 
by suitably regulating the temperature. In this way the desired 
result would be ensured, and would amply repay the increased 
outlay required. In this connection the experience gained by 
M. RiETSCH and M. Herselin (I.) should also be bome in mind, 
viz., that the injurious influence of an excessively high temperature 
(36° C.) can be reduced by aerating the fermenting liquid. 

In conclusion, it will be useful to remember that mannite is 
also formed during the mucinous fermentation of sugar, and that 
this hexavalent alcohol is also excreted as a metabolic product by 
certain Eumyeetesy e,g, Penicillium glaucum. 



CHAPTER XXXI. 

THE FERMENTATION OF CHEESE, AND ALLIED 

DECOMP081TION8. 

§ 175.— The Composition of Ripe Cheese. 

The coQversion of tlie fresh curd into finished cheese is termed 
ripening. Wo will, in the íirst pláce, consider this process from 
the purely cheraical side. It was explained in § 144 that fresh 
curd can be obtained from luilk in two ditferent ways, either by 
precipitating with acids or by setting with rennet. In both cases 
nitrogenous compouiids are present in the coagulum, only in the 
acid curd (" Quark ") they consist of casein, and in the rennet curd 
(''Bruch'') of paracasein. The cheeses obtained from the acid 
coagulum are, with the sole exception of the " Glarner Schabziger," 
of inferior quality, and only suitable for early consumption. These 
háve hithorto received but little attention from fermentation phy- 
siologists ; consequently the following particulars are restricted to 
cheeses obtained from rennet coagulum, which — to emphasise the 
point once more — contain only one nitrogenous compound, námely, 
Iiaracasein. 

In contrast to this uniformity stands the variety of the nitro- 
genous compouiids present in ripe cheese. The first observa- 
tion on this point was made in 18 18 by J. L. Proust (L), who 
isolated lencine from ripe cheese. Some sixty years later(i88o) 
N. SiEBRR (II.) detected the presence oř tyrosine in Koquefort 
cheese. Nevertheless, these discoveries, as also those of two French 
workers who will be mentioned later, were of a casual nnture, the 
first thorough attempt to follow the ripening process in a quantita- 
ti vely analytical manner being made in 1882 by A. Weidmann (L), 
whose results, especially as regards the qualitative composition of 
the cheese, were admirably supplemented by a later (1888) research 
undertaken by B. ROse aud £. Schulze (L). These investiga- 
tions were made in Switzerland on Emmenthal cheese, in which 
the above-named chemists discovered a considerable amount of 
leucine. On the other hand, comparatively little tyrosine was 
found, and other amido-compounds, as well as bodies of the 
xanthine group, were altogether lacking. The presence of ammonia, 
**owever, was readily proved, different samples being found to 
^ntain from 0.16-0.44 per cent, calculated to the dry weight. 

be amount of nitrogen found in the form of ammonia, amido- 
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acidsy and other compounds distinct from albumin and peptone, in 
three kinds of this cheese, ranged between 1.22 and 1.48 per cent. ; 
i,e, about one-iiíth of the total quantity of this element present 
Among the albuminoid constitueuts speciál inention must be made 
of caseo-glutiny a body allied to the peptones, and one that must 
be considered as among the chief products of the ripening process, 
since it constitutes 20 per cent., and e ven more, of the total dry 
matter. In addition, there was found (along vith a small quantity 
of peptones) another albuminoid body, recognised as paracasein. 
To this list of the constituents of ripe Emmenthal cheeae still 
another unit, viz., phenylamidopropionic add, was added in 1887 
by the labours of F. Benecke and £. Sghulzb (I.). 

Several other kinds of cheese were included in the scope of 
these investigations. In harmony with the similarity existing 
between the methods employed in their preparation the qualita? 
tive composition of Spalen ďieese was found to resemble that of 
the Emmenthal product. Peptone was also detected in Gmyóre, 
Vacherin, and Bellalay cheese, as also in Schabzig cheese ; the 
latter, however, differs from the other kinds just named by not 
containing any ponderable quantity of caseo-glutin. 

The comparative examination of the constitution of hard and 
soft cheeses was undertaken by Bondzynski (L). 

If cheese be allowed to become over-ripe, then the percentage 
of albuminoids falls off still more. Thus, A. Maggiora (IL) 
found in a sample oř over-ripe Stracchino (Gorgonzola) cheese 
only one-seventh of the initial nitrogen in the form of protein, the 
remaining six-sevenths being in the form of amido- and ammonia- 
compounds. 

We will now briefly consi«ler the amount of íátty matter in 
cheese. When whole-milk is set for cheese, the whole of the fat 
passes into the coagulum, which then contains almost as much 
fatty matter as albuminoids, the former constituting about 45 per 
cent. of the total dry matter of the curd. So far as the observa- 
tions hitherto made extend, it would appear that the fat suffers no 
great alteration, whether of quality or quantity, during the ripen- 
ing process. Bacteriologically exact investigations are, however, 
still wanting. Reference has already been made in § 120 to the 
influence exerted on the fat by light and air, and this influence 
also makes itself felt during the ripening of the cheese. The 
saponification of the glycerídes mentioned in the said paragraph 
occurs in cheese to a still greater extent than in butter. The 
course of this operation has been traced by E. Duclaux (VI. ), 
who found that, in one instance, about one-third of the glycerin 
butyrate originally present was broken up into its two components. 

The conversion of albmnin into fat, the development of which 
question has been reviewed by S. Soskin (I.) in a prize-essay, is 
not only of the greatest importance in the study of chemical 
alterations in the animal body, but also comes under consider^^ 
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ia the ripening of clieese. Blonueau (I.), in 1864, was tbe first 
to remark, in his reBearcbes od Roquefort cheeae, that in thia 
process íat waa produced at the expense of albumin. Tbe samé 
haa also lately beca asserted by H. Jacobbthal (I.), but was 
denied by tlie majority of subsequent workers, e.g. inter alia, 
Brassier (I.) iu 1865, N. SiEGUR (II.) oud O. Kbllnbk (I.) in 
Kageli and O. Luew (I.), however, proved beyond doubt, 
:ei'taiii Eumycetea, that lower fungi are able to con- 
vert albumia iiito fat The above-cited researches of Weidmann 
Hhoiv that no remarkable quantitative iricTeage of fat occura in the 
ripening of clieese, but this does not disprove the poaeibility of tha 
formation of fat from albumin during the procees. On the other 
band, G. Musso and A. MenoKzi, un the basis of their researches 
on Stracchitio cheese, believe that sur.b a formation of fat must be 
aasumed to occur. 

The probability of such a conversion of albumin into fat 
caonot be rejected if we recall another process — very different, 
it Í3 true, from an eesthetic standpoint, but, neverthelesa, very 
similar from a chemical and bacteriological point of view — 
námely, the formation of ftdipocere. Fntty coucretiona, whieh 
in many csses can only háve originatcd iu olbuminoids (mus- 
cular substance, Sin.), are frequently found in bodies which 
háve undergone decompositíon ín the grave. This queation, 
whicb cbiefly concetns the meiiical profeasion, we need not dwell 
upou. VarioUB proofs will be found in a tieatise on this aubjact 
by Ermann (L). 

g 176.— E. Duclaux' Studies on Cantal Cheese. 

Aa ripeniug progresses, the amoiint of the aforesaid ainido- 
compounds continually increasea, wbílst the paracasein coucvirreutly 
decreases. This transformatíon may be due to two uauaea : oue 
entirety cbemicftl, tbe other phyaiological. 

The earlieat worker who believed thu ripeuing of cheese to be 
due to microbial activily was Fbrd. Cohs (II. ), who, in 1S75 — 
from the researches by which he controverted the hypotheses of 
Baatian on apontaneoua generation — arrived at the following con- 
clusion : — " The ripeniug of cheese I hold to be a true fennenta- 
tion," This fermentation he ascribed to the organiams ("lab- 
bacitli ") present in the rennet liquid, and which he aasociated 
with the bactería then grouped under the name Bacillun euhtilis, 
a generál term not lo be coniouuded with that at present applied 
to au entirely distinct apecies. Cohn'a decision waa based exclu- 
sivěly on the microscopical examination of rennet and cheese ; and 
the samé applies aleo to the statements of F. Bekbckb (L). 

It was not until 1878, however, that attempts were made to 
obtain pure culturea oí tbe pteauniptive cause of the ripening of 
cheese, and to test the influence of the organism. Thia was effected 
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by K DucLAUX (VIL and XIIL) in his studies on Cantal cheese, 
from which he isolated ten species oí Schizomycetes, and classifíed 
these uiider the common generic name of Tyroihrix, belonging to 
the large sub-group of the so-called hay and potato bacilli. Out 
of these ten species, one, T. virrfula, being unable to grow in milk, 
will be omitted from further consideration. Each of the remaining 
nine produces iwo classes of enzymes, one resembling lab and 
coagulating milk, whilst the other, casease (§ 1 47), dissolves and 
splits up the albumin thus precipitated. This proteolytic enzyme 
can be thrown down from the bacterial cultures by means of 
alcohoL A particularly abundant yield is obtained from Tyrothrix 
tenuiSf an actively motile, sporogenic rod about 0.6 /a broad and 
3 fi long, and often growing in the fonn of fílaments ; hence the 
name Tyrothrix (= cheese-thread, cheese-hair). This species is 
aerobic, as are also T, JUi/onnis, T, distoiius, T, geineulaitiSy T, 
turgtdu8f and T. scaber ; whilst T, urocephcUumj T, clamformis, and 
T, catenula are, on the other hand, anaerobic. Cultures of Tyro- 
thrix tenuis obtained from Duclaux' laboratory were investigated 
in 1895 by W. Win klér (L), who formed the opinion that this 
species can be modifíed, by cultivation, into three yarieties or 
races. This was, however, contradicted by J. Wittun (I.) in 
1896. 

The metabolic products, e,g. leucine, tyrosine, and the am- 
monia salts of acetic, valeric, and carbonic acids yielded by the 
Tyrothrix species are the identical substances we háve seen to be 
produced in the ripening of cheese. This concordance necessarily 
strengthens Cohn^s hypothesis, that the ripening of cheese is 
effected by the vital activity of micro-organisms. On this point, 
however, Duclaux was unable to afford any certain proof. Later 
workers attempted to arrive by various ways at a solution of this 
highly important matter, and mostly by endeavouring to ascer- 
tain whether the ripening of cheese could be accomplished in the 
absence of any fermentative organisms. F. Schaffer and St. 
BoNDZYNSKi (I.) showed that curd prepared from boiled milk does 
not ripen ; and, according to Freudenreich (III. )» ^^^ samé applies 
equally to Pasteurised milk. Moreover, L. Adametz (VI.) found 
that neither does ripening occur when bactericidal substances, such 
as thymol or creoline, are added to the fresh curd ; and the samé 
result was attained by L. Pammel (I.) by the use of hydrogen 
peroxide. 

§ 177.— Changes in the Bacterial Flora of Ripening 

Cheese. 

L. Adametz also attempted to ascertain the active cause of the 
ripening process in a new way, námely, by tracing the quantitative 
and qualitative alterations occurring in the bacterial content 
ripening curd. These researches — made on a Somthal (£ 
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MC/(>^ Mfi^l *iftňw/, úi*: ny^^lwj: pfvsíUM wm tbos dúipíellied. 4&i 
ifU MfffM; f«^3«filt 9r«A tíVtÍMd itt % hX0if rueareh paUichiEid br F. 
f^//jí Vu9^t:uz%utif:H ^iV^j in iV/4^ a^at/yfiimg u> wboiii tibě nnznli^r 
/>f \suMt, A/rí/i l4k/!:VrfVi» f & eb^r^rti^ ír«cTe»«ii wřth tbe a^ of Úut Ian#rr. 
lláfíttM %\m tUudf ií DfA itt^ wAn^ fthare vsi \hit npening oí Emmen- 
Ú%iiX ť\%ftíMMM ffitud }^ áUí^rríWl to thaM; laetk fenDents. K J. 
Lt/flfh (i.) Mim iíhttítt Vt Únk MíítQfi optníon in his r««earche8 on the 

'Víitt nrHhtm why litu^biux, íii húi earlíer ín^entígatíonft, arrived 
nt ft ť/iuimry tkwúi wíll Fie thsuVúj undentood when it is remem- 
h*r«^l Uoit h« {/fi^fAr^i^l hU [nire cultures excluKÍvelj bj the dilution 
fUkiStáA, Mui ÚitsfHUfftt \iy the aid of liquid nutríent media (bouillon 
\u yhfimiXnt) ; mufAt in thút Laift^named liquid the organisms of the 
p^ifUHH 7'f/řotnríx thríve exc/íedíiij^ly, wherea« the lactic acid bactería 
j<row \ttu\\yf íf ftt ttll, ihítrtílu, Onueriuently mixed sowings in 
thU mí*íUnm ramilí ín n )ir<f i>otulerance of the liquefactiye species 
d«t«k;rit><'/l hy Duclaiix, Krom the discovery ma^le by Frecden reich 
and HcuAiřVKU (I.) that the ríi)ening of hard Swiss cheese also 
^0011 on unifonnly throughout the inaBS when air is excluded, 
it folio WN that tlie Huíd lactic acid Imcteria are (facul táti vely) 
ttnniiiohic. 

Tho ImniioiiioiíM resultA of the reffearches. of M. Lano and 
Fkki/dknkkioh (I.) with Hwiss, and of E. Marghal (III.) with 
fitílgian (f^iinlnirK), Mamples show that a principál part in the 
rlptíniiiK of aoft cheeae íh takon by Oidium lactis^ further particu- 
IttfM oř wliích niomber of the Kumycetes group will be found in 
UiH N(uu)n<l vnlumo. Various budding fungi also seem to aid in 
thM pni(M)HN, blit more (h^tailed Information on this point is absent. 
Acoording to tho Htatemcnta of Jul. Henrici (I.), Swiss cheeses are 
jH)or in yoftutliko fungi and rich in bacteria; but the converse 
ratio hau butm Nhown to oxiat in American cheeses. 

Oilour ia 01)6 of the oharacteristics peculiar to individual kinds 
of ohtteae ; it ia but alightly developed in many, but is prominent 
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in others. In isolated instances it is produced by the mecha- 
nical incorporation of added flavouring substances to the fresh 
cheese mass. This applies, for instance, to the already men- 
tioned "Glarner Schabziger" oř herb- cheese (Kráuter Káae), 
which owes its characteristic aroma to the addition of dríed 
Melilotus ccerulea (blue oř Swiss melilot). The English "sage- 
cheese" and American " clover-cheese '' may also be mentioned 
as examples. 

In many cases the odorous principle is, on the other band, 
produced spontaneously in ripening, i.e, by the activity of micro- 
organisms, of which nothing is as yet defínitely known. L. 
Pammel (II.) discovered on cabbage leaves a Bacillus aromoiicus 
which, when inoculated into fresh curd, produces during the 
ripening process an aroma siroilar to that of " clover-cheese/' 

§ 178.— Pure Culture Ferments. 

The results briefly recorded in the preceding paragraph must 
be regarded as fírst steps inspiring us to further progress towards 
the goal of all methods relating to the practical application of 
Fermentation Physiology, viz., the establishment of control over 
the progress of fermentation. In the matter of cheese-making the 
attainment of this desire is still remote, and Mycologists are not 
yet able to recommend this or that particnlar microbe with any 
assurance of success. On the contrary, practice has also in this 
respect taken the lead by employing in speciál cases such addi- 
tions as, without being pure cultures (in a bacteriological sense), 
nevertheless contain a predominating proportion of the organism 
most suitable for the object in view. One of the two classes of 
cheese to which this applies is the Eoquefort, the other being 
Edam cheese. 

Any one examining for the fírst time the said French cheese 
(originally prepared in the village of Roquefort (Dep. Aveyron), 
from unskimmed sheep's milk) will notice the green growth of 
mould occupying all the cracks abundantly intersecting this brittle, 
sharp-flavoured mass. This íilamentous fungus, whose presence 
is by no means a sigu of unsound composition, has been shown to 
be the organism known as Penicillium glancům (described in 
vol. ii.), which settles in the tissured cheese mass and there 
consumes the acid which has been produced by the lactic acid 
bacteria and is retarding the development of the album in-degrad- 
ing organisms. The favourable influence of this thread fungus is 
so indubitably established by experience, that the practice is now 
common to sow it purposely in the fresh cheese mass. To this 
end bread is allowed to become covered with a luxuriant growth 
of mould, and is then dried and ground, the resulting powder 
(rich in mould spores) being then strewn between the sepai 
layers of the sliced curd. In order to favour the developmenl 
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thia aerobic asaistant, some 60 to 100 fine hoies are pierced by a 
ueedle iu eacb cylioder of ripeniiig cheeac. 

Tlie coatingB of mould appearing and tolerateil in Gorgonzola, 
lírie, and Stilton cbeeae eeein to háve a aimílar actloa. Jii other 
agtiin, such aa Eminemlial and Gouda cheeae, the forma- 
tion of a mould coatiiig in the ripening chee.°e is prevented a; 
sa poasible, aince it nould unfavourably influence their apecific 
ílavour. For this purpose the aurface of the cheeae ia repeatedly 
wiped over with salt water oř atrewn with dry aalt. A ootupariBon 
of the surface of Gouda cheese with that of llríe cheeae will ahow 
larkable differeuce betweeu them- 

In tiie above-mentioned iaatance a lliread funijiif ía employed, 
le caae of Edam cheefe a hacfermm is mixed with the 
milk to be made into cheese. This is the Streploroccug hollaiidictu, 
vhose acquaintance ive háve already made in § 163, as a microbe 
capable of makiug milk oř whey ropy, It ia employed by adding 
2 per cent. by volume of ropy whey to the niilk to be aet for cheeae. 

g 179.~Natto and Miso. 

The proceaa of fermentation known aa liie ripening of cheeae 
both improves the flavour and increaaes the digeatibilíty of the 
albiuninoida bj degradiug them into more readily assimilable pro- 
ducta. On this account the ripening of cheese might be tenned a 
prelímiuary digestion of the caaein. 

Sirailar to freah whole milk cutd in the nátuře and proportional 
latio of its chief constituents is the Sója be&n, i.e. the seed which 
replaces a nieat diet araoug the uatives of Eastern Asia. Thia b 
was firat introduced into Europe at the Vienna Uuiversal Exhibi- 
tion in 1873, and was abortly afterwarda more minutely described 
by Fb. Habbblandt (I.). It containa 35-40 per cent. of albu- 
minoids and abont 1 5 per cent. of fat ; and, consequently, a dish of 
sója beans prepared in the ordinary niauner forma a heavy, toi^h 
food-atutf, However, it can be made more attractive to the palatě, 
and better suitable to the stomacb, by boiling the beána for five 
}iours in salt water, then forming the maaa into balls from 4 to 18 
oiincea iii weight, packiiig these in straw, and Jeaving them in 
a warmed cellar for a few daya. Umler these condttions they 
(mdergo a fermentation which loosens the cellular tissue, and 
eřfects a jiartial conversion of the protein into amides, jwptones, 
guanine, xantbiue, and tyroaine. The mass is then sold (in Japan) 
undet the name of natto. The náturo of the species of bactería 
taking part in this fermentation has been studied by K. Yadr (I.) 
and O. Loaw (IV.). 

In the preparatioE of the second kind of vegetable cheese, viz., 
Uiao. recourse ia had to a substance known aa Eoji (describeď in 
vol, ii.), which is added to the boiled beán pulp before allowing 
the lalter to ferment. Full particulars reepecting the productioa 
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of this and several other Jápanese articles of diet {e.g» Shojon 
prepared from aoja beans) háve been published by O. Kellnbr (II.) i 
and a f ew details of the lust-named sauce, also highly appreciated in 
England under the name of soy or shoyn, háve been fumished by 
A. Bblohoubek (I.). For the preparation of Toíti and Nnkamiso 
reference should be made to two treatises by M. Inoute (I. and II.); 
and H. C. Prinsbn-Geeruob (I.) has reported, inter alia, oa the 
preparation (by the aid of fungoid ferments) of other disheB fiom 
sója beans in Chinese cookery, such as Taoha or bean-cheese, the 
sauce Tao-yu, &c. 

§ 180.— The Normál Pittln? of Cheese. 

The ripening process does not always progress satisfactorily, 
but very often results in a defective, or spoiled, inferior, or quite 
unsaleable product. Thus £. von Freudenrbich (V.) reports that 
about 40 per cent. of Emmenthal cheesesripen imperfectly. The 
pecuniary loss accruing to cheese-makers from this cause is esti- 
mated to amount, in Switzerland alone, to about a quarter of a 
million of francs (;^ 10, 000) per annum. 

The def ects here in question are of various kinds. L. Adahbtz 
(IIL), in his comprehensive monograph on the subject, enumerates 
the folio wing : — (i.) Def ects caused by the iinfavourable constitu- 
tion of the milk employed. (2.) Inflation (" blown " cheese). (3.) 
Bitter cheese. (4.) Ďiscolorations. (5.) Poisonous cheese. Of 
these, the íirst named is beyond the scope of tlie present work, 
the fourth has already been discussed in ^ 89, 95, and 98, and the 
fífth in § 171. More frequent, however, than any of tíiese is the 
malady known as inflation, pufi&ness, or ''blown" cheese (Fr. 
hoursouflement ; Ger. Bldhen\ which will now be briefly mentioned. 

In addition to the constituents detailed in § 144, the curd 
from sweet milk contains a certain quantity of lactose. This 
is dissolved in the whey remaining in the coagulum, and which 
cannot be entirely removed by pressing. Consequently, sugar is 
always present, and is decomposed in various ways by the orgauisms 
existing in the curd. Some of them, for example, form lactic 
acid ; whilst others consume it and liberate an abundance of gas. 
This causes holes (bubbles or eyes) in the mass of the ripening 
•cheese, and these holes manifest themselves as pittinga in the cut 
surface of the ripe product. Both the dimensions of these holes 
and the manner of their distribution throughout the mass are 
very characteristically developed in individual classes of cheese. 
In order to render this clear by examples, reference may be made 
to two main types, Emmenthal cheese on the one hand, and Edam 
cheese on the other ; the former exhibiting a few holes of large 
size, and the latter a greater number, but of small dimensic 
The appearance of small holes, regarded as indispensable in 
said Dutch fatty cheese, is looked upon as a defect in the Si 
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cheese, which, if it contains many holes of small size, is charac- 
terised as " Kissler/' and conBÍdered as inferior. Still, the other 
extréme of immoderately larga cavities is also undesirable. This 
last condition reveals itself, in the course of its development, by 
the bulging of the surface of the ripenin^ cheese, which, in par- 
ticularly bad cases, is even split open. This ni n lady, known as 
inílation or pnffiness, has already formed the subject of several 
investigatíons, as a result of which both the cause of the com- 
plaint and a lueans of preventing and combating it háve been 
discovered. 

§ 181.— The Cause of Puflý (''Blown") Cheese. 

The naturally obvíous hypothesis that pitting is due to the 

gs-producing powers of microbes was ezperimentally confírmed by 
. Wbigmakn (Vlil.) in 1890. Undoubted though it be that 
iuflation is also a result of microbial activity, it is, nevertheless, 
equally undecided whether the malady is caused by specifíc fer- 
ments, or only diifers from normál pitting in degree, t.e. arises from 
the samé cause. 

Of the two possible methods of explanation here indicated, the 
first is championed by Adametz and Freudenreich (VI.) in par- 
ticular. The latter in 1890 established, in the čase of three 
species of bacteria — recognised as setting up inflammation of the 
udder in cows, and named Bacillns Guilleheau a, &, c, after iheir 
discoverer — that when inoculated into fresh curd they produce 
inflation and bad flavour. The fermentative activity and products 
of these three microbes were minutely examined by A. Mac- 
FADYBN (I.) and L. Nencki (L). The gas evolved by B, G. c, is 
a mixture of carbon dioxide and hydrogen, their relative pro- 
portions at the climax of fermentation being about 76 : 23, but 
afterwards becoming so far modifíed that, at the close of fermenta- 
tion, only 0.72 per cent. by volume of hydrogen is found in the 
gas. To these three injurious organisms (pathogenic in cows and 
goats) a fourth was soon afterwards added by Freudenreich (VII.), 
viz., Badllus Schafferi (bacteriologically very similar to Bacterium 
coli commune) which was first obtained as a pure culture from 
"puffy*' cheese, and subsequently also found in "Nissler" cheese. 
Freudenreich consequently regarded this bacilliis as the cause of 
both these maladies in cheese, and explained its duál manner of 
working by stating that puffiness is produced when the fresh 
cheese curd contains comparatively few colonies of this bacillns, 
at considerable distances asunder, but of large size, and therefore 
capable of liberating much gas; whereas, on the other hand, 
"Nissler" cheese results when the microbe is distributed abun- 
dantly, as individual cells, throughout the ripening mass. 
'nAMETz (VII.) found in tlie milk and cheese of a Sornthal 
y a fission fungus which he named MicrococcuB SornthcUHr 
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and which proved capable of causing puffiness in cheese. This 
microbe is sbown in Plate I. Fig. i. 

The second method is founded on a different basis. Wbereas 
Freudenreich devoted bis attention to tbe discovery of specifíc 
inflation ferments, Fn. Baumann (I.), on tbe otber band, en- 
deavoured to ascertain tbe external conditions under whicb a 
microbe producing tbe normál pitting of cbeese would become 
the cause of inflation. An example of tbis is afforded by the 
Bacillus diatrypeticus roset, discovered by bim. Tbis organism, 
wben sparsely iuoculated in curd prepared from Pasteurised milk, 
produces a '' blind " cbeese, i.e. one containing merely a few boles; 
but wben it is added in large amount, it gives rise to puffiness. Tbis 
facultatively anaérobic fission fungus is a non-motile capsule bacil- 
lus, generally 1.5 /i in lengtb and 0.7 /£ in breadtb ; a pbotograpbic 
representation is given in Plate I. Fig. 2. In media containing 
sugar it liberates a gas cbiefly consisting of carbon dioxide along 
witb a not inconsiderable portion of bydrogen ; and in addition to 
tbese products alcobol and lactic acid are formed. 

If tbis bacillus be inoculated into a fresb curd prepared from 
non-Pasteurised milk, and consequently ricb in a variety of bac- 
teria, a struggle ensues between tiiem. In presence of a superior 
force of species tbat do not generate gas, tbe B, diatrypeticua casei 
is suppressed, and " blind " cbeese will result. On the otber band, 
wben tbe restrictive power of the otber organ isms is merely 
sufficient to moderate, but not prevent, the development (and 
consequently gas-producing power) of our bacillus, then tbe pitting 
will be normál ; wbilst, if fínally these adverse influences be almost 
entirely lacking, " puffy '* cheese results. No rejection of this ex- 
planation is implied by tbe mention of the error into whicb its 
author has fallen in attributing to bis bacillus alone tbe capacíty 
of producing pitting — tbe inaccuracy of whicb assumption bas 
been noted, inter aliOj by Adametz (VIII.). 

§ 182.— Cheese-makers' Recipes. 

In the light of Baumann*s discovery, tbe reason for a number 
of (apparently pedantic) rules current among cbeese-makers botb 
for the production and subsequent treatment of tbe curd is made 
clear. The careful adherence to certain tem pera tures during and 
after setting; the time of exposure to their influence; tbe nature 
of the mechanical treatment, and even the extent of the pressure 
applied to the moulded curd in the press, — all tbese conduce to the 
result — the cause of which is certainly unknown to the operators 
— tbat a certain bacterial species attains pre-eminence. 

The researches publisbed by Fr. Schaffbr (III.) and Freud- 
enreich (VIII.) in 1895 tend to elucidate the processes occurring 
during tbe after- warming of the curd. As bas already been in- 
dicated, tbe freshly precipitated curd is kept for a sbort time at a 
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certain constanťtemperatare, the degpreeánd duration of éxposure 
yarying in different kinds of cheese. In the čase of Emmentkal 
cheese, Schaffer showed ťhat a merely gentle after-wanning of the 
curd results in a quicker and more perfect rípening, so that the 
íinished cheese contains a laige proportion of products formed by 
the decompositíon óf albumin. Freudenreich investigated tbis 
condition from a bacteríological point of view, and explained the 
fact already recorded in § 1 7 7 — viz., that the rípening of hard cheese 
Í8 ahnost exclusively brought about by bactería, whilst that of soft 
cheese is chiefly occasioned by higher fungi (budding fungi, oídium) 
— as due to the inferíor powers of resistance to high tempera- 
tures exhibited by the latter organisms. Thus the cheese-maker'8 
old rule that " curd for soft cheese should be only gently warmed " 
Í8 shown to be well founded. 

Certain prescríptive methods of preparation for a large num- 
ber of different kinds of cheese háve been gradually built up 
as the outcome of practical experíeuce. The possibility of such 
a result is a proof that the bacterial species necessary in the 
rípening of cheese are present everywhere and at all times. The 
exact observance of these recipes can, however, only continue to 
indeíinitely yield uniform resiilts where the composition of the 
bacteríal flora of the milk set for cheese undergoes merely un- 
important fluctuations. This is the čase in tbe Alpine dairíes, 
where the grazing grounds seldom, if ever, receive any application 
of manure from external sources, and consequently the samé 
species of bacteria are continually returned to the ground anew 
in the dung of the grazing cattle. For this reason the cheese- 
dairying industry necessaríly developed first in the High Alps, 
since there the business is, in a bacteríological sense, exposed to 
the minimum of danger. The čase is different in the lowlands, 
where the cows are fed with fodder of highly diversified origin, 
frequently consisting of the residues of agricultural industries 
(grains, distillery residue, grape skins, &c.), The bacteríal flora 
of the dung of such animals will be líable to frequent changes ; 
and since the bacteríal content in the milk is for the most part 
derived from the dung, it will be evident that the cheese-making 
process will be affected by this change. Greater difficulties conse- 
quently attend the pursuit of the industry in lowland districts, 
and much less reliance can be placed on recipes. To explain this 
more dearly by an example, reference may be made to an observa- 
tion which chemists háve been unable to explain, but which — 
regarded from a bacteríological standpoint — seems almost self- 
evident, viz., the difficulty experienced in the working up of milk 
at such times of the year as a change is made from dry to green 
fodder, and vice versa, The bacterial flora of fresh grass is of a 
much more diversified character than that on dry hay; only a 
few species remaining alive and capable of development in the 
latter. 
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§ 183.— Counteracting PufSness in Cheese. 

The reader will now probably inquire whether any method 
exísts whereby milk that will produce puffy cheese may be recog- 
nised as dangerous before it is worked up and rejected by the 
cheese-maker. This course will be advisable when the gas-forming 
bacteria greatly preponderate, a condition ascertainable by the 
80-called fermentation test. A sample of the milk to be exa- 
mined is kept in a fermentation flask (§ 126) for twelve hours at 
40° C, a conclusiou based on experience being then formed as to 
its suitability or the reverse, according to the changes occurring 
during this period. Fuller particulars on this point will be found 
in Adametz's monograph, as also in the highly commendable text- 
book of W. Fleischmann (L). 

As a means of preventiug the malady, Freudenreich (IX.) 
recommends the addition of 3 per cent. of common salt to the 
freshly přeci pitated curd, freed from the main bulk of the whey. 
For restricting incipient pufhness, Adametz counsels setting the 
cheese to cool, since the fermeut is found, by experience, to be 
yiolent and injurious solely at higher teniperatures. 

From the results of an investigation made by H. L. Bollet 
and C. M. Hall (I. ) it must be concluded that gas-forming bac- 
teria are not present in milk at the moment it leaves the udder. 
If this observation is confírmed by renewed (highly desirable) 
researches in other places and under different conditions, and thus 
become a generál law, it will indicate tlie means of preventing 
piííHness, viz., by taking care to keep the fresh-drawn milk free 
from dirt and dung, which are the vehicles by which the gas- 
forming bacteria are introduced. 

§ 184.— Bitter Milk and Bitter Cheese. 

According to a rule based on experience, and observed by all 
housowives skilled in cookery, boiled milk must be stored in un- 
covered vessels, otherwise it is liable to turn bitter. The attention 
of Pasteur was also directed to this matter in the course of his 
studies on spontaneous generation. We háve already seen, in a 
previous section, that the French investigator here made the im- 
portant discovery that, though the lactic acid bacteria are thus de- 
stroyed, the more highly resistant spores of butyric acid bactería can 
withstand such a brief exposure to boiling heat. Now, since the 
majority of these latter are anaerobic, they can then only manifest 
their activity provided the admission of oxygen is either entirely 
prevented, or at least restricted, a condition ensured by coverii 
the milk-pan with a lid. There then gradually accumulal 
within the pan an atmosphere of carboii dioxide, &c., produc 
by the vital activity of bacteria and preventing the access 
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oxygen to the strongly fermenting milk. The existence of thit 
gaseooB stratům can be detected by the sense of smell on csiefnlly 
raúing the lid. 

The bitter flavour developed in the milk was formerlj as- 
cribed — e.g. by R Krubger (II.) — to the chicf product fonned bj 
these liactería, viz., butyric acid, until Wriomann (IX.) in 1890 
i^howed that no bitter taste is produced in milk by the addition of 
butyric acid. Like Hukppb (VII.), he attríbutes the bitter flaToor 
to the peptone formed f rom the albuminoids in milk. Later re- 
searched on this point háve led, in the main, to the samé results. 
Consequently the subject falls within the present section, which 
deals with the decomposition of albumin. 

Nágeli was the tirst to attribute the development of bitter 
flavour in milk to bacteríal activity, and since then many attempts 
háve been made to fínd and prepare pure cultures of bacteria 
possessing such propertiea Some of these are capable of pro- 
ducing bitter principles both in milk and cheese, whiUt others 
are injurious solely to the former; but all liquefy gelatin, and 
consequently produce a peptic ferment. 

Of the first group two species are known up to the present^ 
viz, (i.) Tyrothrix geniculattis—ohtúneá as a pure cul ture by 
DucLAUX (XIII.) from Cantal cheese, and already noticed in 
§ 176 — produces a bitter substance in both milk and soft cheese. 
(2.) Micrococctís casei amari was isolated to a pure cul ture by 
FREtJDENREiCH (X.) iu 1 894 from bitter, hard, Swi?s cheese. This 
organism, which measures about i /c* in diameter, is endowed with 
the somewhat rare duál property of forming lactic acid and Hque- 
fying gelatin. In milk and cheese — but not in bouillon — it gives 
rise to a strongly bitter flavour, which Freudenreich only partly 
ascribes to the peptone produced, since after the latter has been 
thrown down by alcohol from milk cultures of the coccus, the 
flltered liquid leaves, on evaporation, a bitter residue. Here the 
widespread experience of practical cheese-makers, viz., that the 
bitter taste generally makes its appearancc at the stage of semi- 
ripeness. vanishing agaiu as the cheese increases in age, mny be 
mentioned. 

The capacity of developing a bitter flavour in milk alone is 
possessed by the foUowing organisms : — i. Weigmann described in 
his above-named treatise a sj^rogenic bacillus, 1.5-1.8 m- long and 
0.9-1. 1 /O, broad, which does not produce gas, but gives rise to a 
casein-dissolving enzyme and a volatile acid (differinjí from butyric 
acid). 2. The micrococcus of bitter milk, of Conn (IV.), is 
aerobic and non-motilo, forms butyric acid, and develops a repul- 
sive bitter flavour in milk, cream, and butter. 3. M. Blbisch (I.) 
obtained from milk, which had become decomposed after sterilisa- 
tion by the Neulmuss process, a pure cul ture of a facultntively 
anaérobic motile bacillus, whose endogenous spores were able to 
stand exposure for six hours at a temperature of ioo° C. in milk. 
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When inoculated into sterilised milk it produces a stroDglj bitter 
flavour, aiid must, from its behaviour towards casein, be grouped 
with Duclaux' Tyrothrix species. 4. Bcunllus liquefaciens lactis 
amari was found by Frbudbnreich (X.) in cream wbich bad tumed 
bitter spontaneously. The relative diinensions of tbis motile 
bacillus vary considerably : tbe most iisual measurements are 0.5 At 
for tbe breadth and 1.5 fi for tbe lengtb, but tbe latter may 
extend to 6 At. It induces coagulation in milk — wbicb it also 
makes very bitter — but no formation of acid takés pláce ; and it 
liquefíes gelatin. 



CHAPTER XXXII. 

THE FERMENTATION OF UREA, URIC ACID, AND 

HIPPURIC ACID. 

§ 185.— Urea, the Finál Product of Anlmal 

Hetabollsm. 

The natural cycle pursued by the eleraents nonnally present in 
the vegetable or animal body is, with a few exceptions, very 
simple and easy to follow. Those resisting the action of fíre, and 
therefore found in the ash — viz., KgO, NagO, CaO, Mgo, SiOg, 
SOg, P2O5, FcgOg — are taken up by the plant from the soil 
(where ihey are generally present in sufficient quantity) and are 
retumed thereto in manures. Hydrogen and oxygen are, in th& 
fomi of water, always plentifuUy at hand. Carbon is absorbed 
from the air as carbon dioxide by the plant, and is given up again 
by the animal in the samé form. 

The natural circulation of nitrogen is much more complex. 
This element, which is indispensable for the construction of 
albiiminoid substances, is an object of solicitude not only to the 
farmer, who balances the incomings and outgoings of his soil, but 
also to the bacteriologist, who carefully watches the changes of 
form nitrogen undergoes during its passage from the plant through 
the body of the animal and back to the earth, where it is again 
gradually enabled to renew the cycle. 

Only a portion of the nitrogen consumed by man and animals 
in the food — chieíly in the form of albuminoids, but also as amido- 
compounds, &c, — and transformed and again excreted, leaves the 
body via the Intestinal canal, i,e, in the faecea This portion 
consists, on the one hand, of indigestible or undigested food con- 
stituents, and, on the other, of nitrogenous metabolic products; 
such, for exaniple, as glycocholic acid and tyrocholic acid from the 
hile ; leucine and tyrosine from the gastric juices, &c. &c. The 
subsequent fate of these amido-compoiinds passing into the excre- 
ment has already been dealt with in § 1 68. 

The residual nitrogen takés another routě in order to make its 

exit from the body, námely, via the kidneys, and is excreted in the 

urine. The most important constituent of this substance is urea, 

but uric acid, hippuric acid, allantoin, &c., are also present, though 

in much smaller quantities. The qualitative content of these 
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bodies differs in the varióus kinds of animals, whildt qnantitar 

tÍTely thcy depend on the amouut and composition of the food. 

In human urine and that of the carnivorous mammalia, birds, 

and reptiles — which has an acid reaction o.wing to the presence of 

acid sodium sulphate — uric acid is present to a greater extent than 

hippuríc acid. The total amount voided daily by a man of normál 

8ize is : — 

Urea 35-50 grams. 

Uric acid 0.5-0.75 gram. 

Hipparic acid . . . .0.3 grám. 

On the other hand, the urine of the herbivorous mammals and 
birds — which has an alkaline reaction owing to its content of 
KHCO3 — exhíbits a different substantive ratio, uric acid being in 
very minuté proportion (y^Tyth per cent), whilst hippuríc acid is 
eomparatively plentiful, e.g, in cows' urine up to ^ per cent, in 
horses' urine up to 2 per cent. (in combination with lime). Urea 
is present to the extent of 2-5 per cent in cows' urine, and 3 per 
cent. in that of the horše. 

§ 186.— Urea Unassimilable by Higher Plants. 

Assuming the total number of inhabitants in the world to be 
1 500 millions, and estimating the diurnal excretion of urea at an 
average of only 25 grams per individual, then there results a total 
daily production of 37,500 tons of urea by the human race alone. 
This quantity in the solid statě would occupy a space of 50,000 
cubic metres (65,400 cubic yards), and contain 17,000 tons of 
combined nitrogen. The excretions of the animal kingdom must 
be estimated at a much higher fígure. 

The amount of nitrogen daily excreted in urine and passing 
into manure is consequently enormous, and the question naturally 
arises : What becomes of it afterwards ? Is urea (and also uric 
acid, &c) adapted to serve immediately and directly for the nutri- 
tion of plants, and of cultivated plants in particular ? 

Agricultural practice answers this query by a decided negative, 
knowing from experience that manuring with fresh urine is at first 
either entirely useless oř actually injurious. No satisfactory ex- 
planation of this fact has yet been discovered by scientific research. 
O. Kellner (III.)) ^or example, sought it in the circumstance that 
urea is not absorbed (retained) by the soil. We must therefore 
turu away from research, and fall back on the fact that urea is 
unsuitable for the nutrition of the higher plants ; and that conse- 
quently its nitrogen, not being available for this purpose, is lost. 
If this element is to continue its cycle in the organ ic world, it must 
first be converted into other forms and modes of combination ; and 
the question arises as to which of these involves the least labour 
and smallest expenditure of energy. 

It must be bome in mind that urea is a derivative of carbon 
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dioxide on the one hand and ammonia on the other, — Le, two 
compounds which are known to be suitable for the nutrition of 
plants — and may be regarded as a condeiisation product from these 
two atomic groups by dehydration. If their coherence can be 
loosened, and the carl^mide split up by hydrolysis to form carbon 
dioxide and ammonia — 

CO(NHa)a + 2HaO = CO3 + (NH4)20, 

this preventa the dunger of the said quantity of urea remaining 
undecomposed and accumulating, in consequeiice of which its 
nitrogen would be withheld from, instead of restored to, the 
vegetable kingdom. 

Tliere is, however, no need to seek far for an instrument for 
this conversion, Na tu re herself having already provided the imple- 
ments for this work iu the micro-organisms known as urea bacteria. 
The next three paragraphs will be devoted to the consideration of 
their character and capabilities ; a fourth dealing with the decom- 
position of uric acid and hippuric acid. 

§ 187.— Discovery of the Upea-Ferment by Pasteur. 

The natural process of the decomposition of urea was discovered 
some two years after the fírst successful attempt at the artifícial 
preparation of this substance. The well-known fact that urine, 
which is clear when first voided by healthy inditiduals, be- 
comes turbid on prolonged standing, while with increasing age it 
turns more and more alkalíne, and exhibits an increasing smell 
of ammonia, found an explanation in 1830 at the hands of Dumas, 
who regarded this moiliíicatíon (the ammoniacal fermentation of 
urine) as a conversion of urea into ammonium carbonate by the 
absorption of water. This hydrolsrsis of urea was considered as 
a purely chemical process, a readjustment of the atoms in the 
molecule. 

It was reserved for Pasteur (I.) in 1862 to show the incorrect- 
ness of this view. He discovered in fermented urine a micro- 
coccus (0.8-1.0 /x in diameter, and frequently united as diplococci, 
tetrads, and chains) which is capable of inducing the change in 
question in sterílised urine. This organism was shortly afterwards 
(in 1864) also described by Van Tieohem (VIII.), and called 
Bacterium urece^ being subsequently nanied by Cohn Mlcroroccus 
urece, 

The next researches on this important fermentation appeared 
in 1879, *^^ afforded proof that this capacity for converting urea 
into ammonium carbonate is not restricted to one single species of 
microbe, but that, on the contrary, Pasteur'8 micrococcus has com- 
petitors, not only in many bacteria, but also in a few of the higher 
fungi. This work was performed by P. Miquel (V.), to whom we 
owe most of our present knowledge of the fermentation of urea. 
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Béfore turning to his more recent labours on the subject, we will, 
however, briefly review the endeavours made by his colleagues in 
the samé direction. 

R. VON Jaksch (I.) in 1881 published a thoroughgoing investi- 
gation, the morphological part of \vhich wos also iustrumental in 
íoiinding the theory of bacterial pleomurphism ; the physiological 
results will be given in the uext paragraph. The urine-bacterium 
discovered by him throve best in a liquid containing the following 
dissolved salts per litre of water : acid potassium phosphate, o. 1 2 
gram ; magnesium sulphate, 0.06 gram ; Seignette salt, 5 grams ; 
and urea, 3 grams. This liquid is known iii the literatuře of the 
subject as J2^ch'8 nutrient solntioxL 

Leube (I.) in 1885 udded four new species of bacteria to the 
group of urea ferments already known. One of them, called 
Bacterium urece, appeared in the form of plump rods, 2 /x loug and 

1 fi broad, and of the rt- niaining three^ oue belongs to the sarcina 
group. 

In contrast to the bacteria (forming solid colonies) mentioned 
above is the urea-fermenting uiicrococcus discovered by Flúggb (I.), 
and known from its liquefying influenco on gelatin as Micrococctis 
urece liqnefaciens, 

The report drawn up by C. Lxjndstróm (I.) and R. Cambier (I.) 
also made known a few new species of urea-fermenting bacteria^ 
and the samé applies to a research by R. £urri, E. Herfeldt, and 
A. Stutzer (L), which we will deal with briefly below. We cau 
now turn our attention to the above-mentioned newcr 

§ 188.— Researches of P. Miquel (VL). 

This author isolated from air, soil, liquid manure, water, &c., 
some sixty different species of bacteria, all of them capable of fer- 
menting urea. Out of these he selected seventeen as particularly 
worthy of interest, and has more dosely investigated and described 
them. Morphologically he distinguishes three genera, Urobacil/ui', 
Urococcusy tirosarcina. In the further subdivision within these 
three groups two principál factors of a chemico-physiological 
nature are adopted as criteria, viz., the rapidity of fermentation, 
i.e, the amount of urea fermented per unit of time ; and on the 
other hand, the fermentative power, expressed by the maximum 
quantity of urea completely fermented by the species in question 
per unit volume of nutrient solution. These two indications 
acquire almost the character of mathematical constants for any 
determined species. 

The most powerful as well as the most energetic is the 
UrohadlUis Paateuríú so frequent in both natural and drainage 
waters. This organism ferments 3 grams of urea per hour in a 

2 per cent. peptonised urea-bouillon, and com pleteš its task even 
when the nutrient solution contains 140 grams of urea per litre. 
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Morphologically similai' to this, but difiering grtatly in phyBÍi}- 
Jogicfll character, ia the VrobaciHua Ffeudemcú-hii, foiind witli 
particular freqiiency in the sweepinga oí the atreets of Paris. This 
bacillus can uiily hydrolise 0.3 gram of urea per hour, and caimot 
ferment a laiger quantity than 45 j^ms jier litm of nutrient 
solution. It is an actively motile rod, 1.0-1.3 /i broad and of 
vaiiable length. 

Uigli degreea of apeed and power of fermenutíon are not 
alwaya found in associatiun. This ia well cxeniplitied by Uiv- 
baeilliis SchíU>:enber'jii, a rod i ju long and 0.5 /i broad, incapable 
of producing apores. It was found by Miquel both in uatural 
and drainage wal«rs, but nevěr in the air. This speciea ia very 
energetic, í.e. transfonus a lai^e amouut of urea per unit of time, 
but it8 activity ceaaea aa auou as tlie liquid has become eomewhat 
enriched with amnionium caibonate. That tliis is actually the 
cause of the cessation follows frum the fact that the fenaentation 
jiroceeds further when this salt is renioved by aiirating the 
medium. 

To this injuriouB influance ví arainoniuni carbonate — ton-anls 
which ditferent degreea of suaeeptihility are exhibtted by the 
various species— is due the rapid dying of cultures of the bacteria 
under consideration, in liquida containing urea. If it ia deaired 
to prolong their existence oř to refresh debilítated eultures, tliey 
must be transferred to nutrient media that are free from urea, 
and consequently enable growth to proceed only at a bIow rate, 
but, just for this reason, ensure a longer life. 

£ven greater than their sensitiveness towards ammonium car- 
bonate, of which even the most delicate species can suppwrt a 
very considerable quantity, is the suaceptlbílity of the urea bacteria 
to the presence of free acid in the nutrient medium. Burri and 
bia colhiborators aacertained (in their above-mentioned researches) 
that 0.4 per cent. of sulphuric acid producea a fatal effect This 
observfltion can ba practically utilised in the protection of stali 
manure from early decompoaition. 

Into the remaining diatinguiehing charactetistics of Miquers 
urobacteria — especially the degree of resistance to heat eahibited 
both by the vegetativo forma and the spores produccd by all but 
the last-aamed species — -we cauiiot enter further. One common 
characteristic pecuhar to the group must not, however, ho omitted 
from niention, and that ia the a.iiTeole with wbich the coloniea 
aurroiind themaelves when grown on 3 per cent. urea-^elatin, and 
whereby they are distiiiguishable from all other bacterial species, 
even at an early age, by macroacopicat examiiiation or under a low 
power, The coloniea are dosely surrounded, for a distance ex- 
ceeding their iliameter, with numerous biscuit-ehaped bodies, 
embedded in the gelatin and for tbe most part so close togethei 
that they envelop the colony aa in a cloud. These bodíes are 
fiicetted crystala, each composed of two combined globules, con- 
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toining llme, carbonic acid, and phosphoric ačid. and formed by 
the reaction of ammonium carbonate (liberated by the bacteria), 
on the salts of the alkaline earths contained in the medium. 

Whether and how far the nitrogen in the urea contríbutes to 
the structure of these bacteria is also an interesting point. Jaksch 
in his treatise asserted that his bacillus preferentially takés up 
nitrogen from urea, other sources, such as peptone, being less 
suitable ; but Miquel came to exactly the opposite conclusion, the 
species examined by him greatly preferring peptone, or any similar 
aubstance, before urea as a source of nitrogen. 

Urobacteria are of very frequent occurrence in nature. For 
quantitative determinations on this point we are indebted to 
Miquel, according to whom the average number of such bacteria 
in the air of Paris was (in 1891) 151 germs per cubic metre. The 
smallest number (90) was found in autumn and the highest in 
spring (197) and summer (202). The relative content of these in 
natnral waters increases with the degree of impurity. A good 
example is afforded lby the Seině: before reaching Paris 103 
urobacteria were found per 10,000 microbes, whereas a sample 
taken within the city limits gave 204, or twice as many as before. 
According to Miquel, 1-2 per cent of the bacteria present in the 
soil, and 15 per cent. of those in cowhouse roanure, are capable of 
hydrolysing urea. It is therefore evident that Nature provides 
for the conversion of urea into a more readily assimilable compound, 
which we háve already found to be essential. 

The ammoniacal fermentation of the urine of herbivorous 
domestic animals (horses, liomed cattle) begins soon after its 
evacuation from the body. The resulting ammonium carbonate 
partly volatilises, and thereby leads to a loss of nitrogen, the extent 
of which — as A. MtJNTZ and A. Girard (I.) showed in 1893 — ^^ 
formerly under-estimated. Out of the many methods proposed 
and attempted for the prevention of this loss and the combination 
of the ammonia, a few {e,g. sulphuric acid) háve proved uníit for 
application in the stali, and others (such as peat litter, gypsum, 
kainit) insufficient, only a single one being actually suitable : the 
superphosplLate recommended by £. Heiden (I.) in 1887, ^^^ ^^^ 
acid phosphate prepared by means of sulphuric acid, and capable 
not only of chemically fíxing ammonia, .but also, by reason of its 
acid reaction, preventing the inception of uric fermentation. 

§ 189.— Urase. 

In 1874 MuscuLUS (I.) expressed the opinion that the con- 
version of urea into ammonium carbonate is merely an indirect 
result of bacterial activity, the hydrolysis of the urea being 
effected not by the organisms themselves, but by the enzyme they 
excrete. This enzyme was said to be particularly plentiful in, 
and recoverable from, the urine of patients suffering from catarrb 
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of the bladder, a. circumsttmce wliich would aiso account for tlie 
alkoliue reaction of this urine \ihoa iu a freshly vuided coudition. 
Tbia gtateiuent waa inveatigated and confírmed by Fahteur aod 
JooDERT (II.) in 1876. On the otber hand, the attempts luade 
by LsoBE (I.) to separate tlio enzyme frora the bacteria by filtra- 
tion through a clay cylinJer failed. P. Mkjuei. (VIL) then 
ehovred, iu 1890, that these couflicting results are due to tbe 
extieme decouipoaibility oť thia enzyme, wbicb he proposed to 
name urase, and whicli, l>eing very easily oJtidiaed, oiight to be 
íiltered in aa atmospheie devoid of oxygen, a precaution neglected 
by Leube. Urase decompoaea in three to four houre at 50* C, 
and in a very few niinutes nt 80° C. With regaril to ita ehemical 
composition nothing ía at present known ; not even whether it ia 
8 single body oř a misture of aeveral atibatancea (varying in coa- 
stitution according to the conditiona of fermeatatiou). One thing, 
hoivever, Jliqnel placed beyond doubt, viz,, ita capacity to hydro- 
lyse and rapidly convert urea (in a aterilised aoluiion) into am- 
monium carbonate. It ia theretore a true enzyme. 



g 190.— The Decomposition of Uric Acid and 
Hippuric Acld. 

■\V'Íth regard to the disruptiun of the uric acid inolecide by 
luictohial iigency, F. and L. ISestini (I.) inatitiitod an investigation, 
acconling to which tlio decomposition correspojids to tbe equation : 
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-C-NHs^ 



O = P + 8H,0 + 3O ^ 



SH.\ 
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Unfortunately, pure culturea wete not eniployed in Ihia research, 
which waB publiahed in 1890, and the samé defect attacheH to an 
inveatigation made by E. GÉrard (I.) in 1896. 

Iu a ehemical seuae, tbe statement just recorded waa confírmed 
by the treatiae of Burri and hia co-workers, mentioned in § 187. 
These workera also included the deconipoailion of hippuric acid 
in the scope of their laboura. Like their Italian coUeaj^es, how- 
ever, they did not euiploy pure culturea of fcrmenta, but. useČ "a 
drop of raanure drainiuga " for inoculating the media. They f ound 
that hippuric acid was not attacked pitr se, but only wlien in cora- 
bination witb linie, the decomposition, nioreover, being more 
diťBcult to effect than waa the ease with uric acid oř urea — which 
last named ia the eaaiest of all to convert into amnionium carbonate. 
Botli for the saké of completenesa and also to show the necessity 
for a more aocurate investigation of the decomposition of hippuric 
acid, we muat refer to a remark made by Van Tieghem in hia 
above-mentioned treatise, námely, that his B. urea ia capable of 
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splitting up hippuric acid into its two components, glycocoll and 
benzoic acid, according to the equation — 

CHa . NH— CO CH, . NH, COOH 

I I +H,0= I +1 

COOH CsHs COOH CsHs 

Analytical data to prove that this decomposition actually goes on 
80 smoothly are, however, lacking. 

So far as the destiny of hippuric acid in the soil is concemed, 
K. YosHiMURA (I.) has observed that its fermentation proceeda 
much more rapidly in the upper layers than in the subsoiL 
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CHAPTER XXXIII. 
THE FIXATION OF FREE NITBOGEN BY BACTEEIA. 

g 191.— Aecumulatora and Consumers of Nltrogen. 

If Beeda of any of the ]egurainoUB plaiits, e.g. peas, lupíns, clover, 
&c., be aown in a eoil contaioing all the food-atuffs (KjO, PjOj, 
!iQ..\ eseept nitrogen, neceaaary for the growth of planta, then, 
given aufficient moisture, germinatiou will eoon be observed. At 
the outfiet the young ptant developa juat aa well in the absence 
of nitrogen as if that substance wete preBent in the soil : it feeds 
upon the stores of nutrient substances (carbohydrales, albumin, 
fat, &c.) accumiilated in the cotyledona oř seed-Ieavea. When, 
however, this store ia eshaustcd, a complete ceaaation in the 
gtowth of the plant visibly ensues, the leavea tuming yellow and 
becoming partly dried iip, and the whole plant preaentiug a 
moribímd appearance. Tlie cause af tliis conditioti can only be 
BOUght in the dearth of combined nitrogeti that has now aet iu. 
Bince the plant has all the other eaaential fooJ-stu£fs at ita diapoeal. 
The casdition itself ia conaequeutly termed nitrogen-himger. AU 
ether kinda of higher planta hitherto examined aufTer in the eams 
way when grown under these identical conditions. Differencea, 
however, are noticeable in their aubeequent behaviour, If left 
unprovided with aaaimilahle nittogen, the re pře aen táti ves of all 
other families of phanerogamic plants — apart from a few excep- 
tions to be enumcrated later^[«rsist in thia atat« of atarvation 
and fioally die away. Kot ao the Legumitwice. Tiiese will bo 
observed to remain for aome time — a few days to three weeka, 
according to circumstances — in this debilitated condition, but will 
then tevive almost instantaneously, rapidly turning green, throw- 
ing up thick, juicy stalka, embelliahing themselves with luxuríant 
foliage, putting forlh a large nuinber of blooma, and producing a 
good crop of seed. Such a piaut may then overtake others that 
háve been provided with nitrogenous food (manure), and háve not 
had to pasa through the famitie period ; and may, hnally, at harvest 
yield a quantity of haulm and seed as great, and containitig juat 
aa much nitrogen, as ita more highiy-favoured fellows. Heuce the 
leguminosK, in cotitrast to (nearly) all tlie other cultivated planta 
<cerea]B, such os wheat, oata, &c. ; hoed crops, such as beet, potft- 
toea, &C. ; oilseeds, and so forth) that liave been examined on thia 
point, are characterised by the capacity for growing and ripening 
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in a soil perfectly devoid of nitrogeD and without the application 
of nitrogenouB manure. This ciícumataiíce ia so ntuch Uie more 
remarkable eince both tha leavea and aeed of pulae contain an 
uuusually lai^e proportíon of combined nitrogen, and aie, in fact, 
TÍcher in thia element than any other vegetable food-atufl^. Thia 
fact will be beat diaplayed by the subjoined table, giving the average 
figuxes, obtaiaed fiom a lorge numbet of aualyses, of the percentage 
of nitrogen in the diy matter of the aeeda of — 

Halie , . 1.S I Fms .... 4.3 

Bnckwtieat . ■ ''9 Beaiu . . .4.6 

Oat« • 1-9 LentiU .... 4.7 

Whaat .... 3.3 1 Sója beaiu . . . &i 

From the laige numbet of reseaichea iustituted on the asmmila- 
tion of nitrc^n by planta, the following example, given by Ehil 
WoLFF (L), may be selected, and may easily be repeated on a 
email scale by tbe reader for hís own Information. A number of 
ziac boxes were fiU«d with 34 kilos. {53 lbe.) of waahed calcaieoiu 
river-saud deatítute of nitrogen, tbe neceasaiy mlnetal nutiient 
aubstances (F,0» SO^ K^O, MgO) being then added and the seeda 
meationed in the following table sown. A certain number of 
these boxes contained 0.83 gram of nitrogen apiece in the form of 
nitře. The total dry matter and total nitrogen in the crop nere 
datermined, with the following results : — 
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Thie table shows that, in the caae of peaa and vetches, a high 
yield containing much nitrogen can be obtained, without the eoil 
(initially deetitute of nitrogen) having teceived any application of 
this element in the form of manure. Such manuring is conse- 
-quently unneceasaty to these planta. 

The resulta of these experímenta on a small scale are uonfirmed 
by the obserration of large farmers. Scljultz of Lupitz, a land- 
-owner in the Mark (Brandenburg), etatea that he has gathered 
337 kiloa. of nitrogen per hectare (about zoo lbe. per acre) annu- 
ally from his "lupin meadows," fot fifteen years without an; 
uitrogeuous manuring. Similar leaulte are reported by Dehérain 
from ezperimenta with eúnfoin, by the cultivation of which from 
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305 to 237 kilos. of (combined) nitrogen were obtained per hectare 
(i8o-zo8 Iba. pet acre). 

For this reason agricultural chetnista háve termed tlie Lega- 
minosx collecton oř accumnlators of nitiogen, and háve set 
them up 3S a class dístinct from all other cultivated planta, the- 
latLer faeing grouped undev the name of nitrogen consnmerB. 

Thi3 doea not, however, imply that the Jeguminous plnnts are- 
Bverse to BUch manurmg; on the contrary, they readUy abaorb- 
uiy nitrogenona food present in oř added to the soil, this food 
assisting the plant to tide over the stage of nltrogen-hnnger. So 
Boon, however, as this period of atagnation ia paased, they no 
longeT require nitrogenoas manure, and the latter, when applied, 
doea not ínfluence the size of the crop. Fractical agricul turista 
ntiliae this observation by planting soils which are poor in nitrogen 
with such nitrogen accumulatora (especially lupina) ns a hrst crop, 
which ia ploughed in when aufficiently developed. Thia consti- 
tutes the p^a(^tice knotrn as gr&en mannring. A íield treated in 
this fashion will thon contain a much larger amount of nitrogen 
(in organic combination) than bofore, and is rendered capable 
of properly developiiig other cultivated planta (cereals, hoed 
GTops, &c.), which, by reason of their high nitrogen requiiements, 
woiild otherwise háve yielded only a miserable crop in such poor 
Boila. 

^ 192.— The Discovery of the LeETuminous Nodules. 

The source of the free nitrogen accumulated by this class of 
planta muat be sought in the atmoapbere alone, 

Formerly the ammonia compounds of cerbonic acid, nitrous 
acíd, and nitric acid, atways present in the air (i.e. the rainfall), 
were considered as likely sourcea of nitrogen. The quantitiea of 
the last-named acid brought down in the rain, in temperate and 
tropical climates respectively, are given in the following table, 
drawu up (pattly from personál experience) by A. >rtlNTZ and V. 
Marcano (I.): — 
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The researches and calculations made by Heu-Bikobl (L), in 
particular, sbowed, ho\rever, that tbis addition of nitrogeu b much 
too small to deaerve all tbe credit of the eorichment of the soiL 
Uoraover, since the snpply is delivered in approziinately re^Iar 
quantity to all tbe fields iu a given district, it woald affbrd no 
«xplanation of the fact that, of aU these fielde (witbout uitrogenous 




?ia. £0.— Boot-nodola ol Vida uUn. 




i" the Up 

nawhkt rednccd. (Áfler baet, the (tionirlT dsnlopsd butcnildkl Ui 
StraibHrger.) Mign. lo. {AJUr Bi —•■- 



re), it íb oniy juet those that háve been phuted vritb legn- 
minous crops that yield such a surplus of nitrogeuous mátter. 

Consequently, only one otbeT feasible explanation reinui>% 
viz., that the LeyuminoKB posseas the inbereut property ot kbaocb 
ing nitrogeu from the air, and elabotating it lato nitragcttP* 
compounds (albumin, &c). 

HowBver compulsory thů conclnsion aay fao, ito 
Iry the majority of vegetable physíologirts and agrieBlti 
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was slow. Both classes ^vere under the influence of Boussingault, 
whose experímeDts (1837 to 1858) in the cultivation of legumi- 
nou8 and other plants under bell-glasses in soils destitute of 
nitrogen gave results — confírmed by the check experimente of 
Lawes and Gilbert — which seemed to děny the absorption of free 
atmospheric nitrogen by plants. 

Shortly afterwards, however, attention was directed to the 
bodies now termed leguminous nodules. These are lateral ap- 
pendages or. swellings on the roots (as shown in Fig. 59), and 
occnr both on the younger and older portions of samé, the former 
being the most thickly infested. In one and the samé plant all 
the intermediate stages of this formation, ranging from such ob 
are just barely perceptible to those as large as a pea or hazel-nut, 
can be found. Their form (Fig. 60) differs in different species, 
observations on which point háve been published by A. Tschiroh 
(I.) and by Lawes and Gilbert (I.). 

The earliest description of the leguminous nodules was given 
by Malpiohi (I.) in his book, published as far back as 1687, and 
this observer referred to them as galls, i.e. diseased excrescences, 
an opinion also shared by P. De Candolle (I.) in 1825. Trb- 
YiRANus (I.), in 1853, was the fírst to regard these nodules as 
normál growths, and thirteen years later they were studied by 
WoRONiN (I.), who made the (subsequently important) observa- 
tion, that the formation contains entirely-closed cells filled with 
living bacteria. In the seventies Eriesson (I.) and Gornu (I.) 
recognised these appendages as metamorphosed lateral roots of 
perfectly unique structure. 

When regarded in section (Fig. 61)^ a nodule of this kind is 
seen at the first glance to consist of two diíferent portions — a 
white or colourless extemal zone and an interior layer, pale red in 
the young nodule, but afterwards greenish-grey, the line of de- 
marcation between them being somewhat sharply defined, and the 
outline indented like that of a blackberry. It is in the cells of 
this inner layer that the bacteria now under consideration, and 
more fully described below, are sheltered; and the layer itself 
is known as the bacteroidal tissue. On account of these enclo- 
sures the said root-nodules received from A. B. Frank (III.) in 
1879 the name of mycodomatia (i.e, ftingns chambers), an expres- 
sion that has, however, been abandoned. 

§ 198.— Formation and Functions of the Nodules. 

The first to také under consideration the physiological import- 
ance of these nodules was Lachuann (I.), who in 1858 defined 
them as stores of albumin. One-and-twenty years later Frank (III.) 
showed that the formation of nodules does not occur when the 
plants are grown in sterilised soil, thus proving that the co-operation 
of microbes existing in the soil is a necessary factor. This result. 
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conjoined with Woronin'8 observations, led to the conclusion that 
the production oí the nodules is eifected by soil bactería. Frank 's 
observation, and the conclusion deduced therefrom, were subse- 
quently confirmed by H. M. Ward (V.), who showed that the 
nodules are absent in water-cultures of Vicia Fába in sterilised 
nutrient solutions, but, on the other hand, appear in large numbers 
if chopped nodules, grown in ordinary soil, be inserted amongst 
the root-hairs. This discovery threw a little more light upon the 
manner in which the nodules are produced, and increased the pro- 
bability of the assumption that they result írom the activity of 
bacteria which gain access to the root, and there exert a certain 
stimulance inducing a luxuriant cell-growth. A more intelligent 
investigation of the importance and mode of action of the nodules 
thus became possible, and it was then remembered that the Legu- 
mÍ7W8ce are precisely the plants found capable of growing in soil 
destitute of nitrogen. Hence the obvious idea sprang up that 
possibly these nodules should be regarded as organs facilitating the 
absorption of uncombined nitrogeu from the air. 

It naturally follows that if this assumed faculty is actually 
possessed by these growths, a direct connection between the for- 
mation of the nodules and the development of the plant as a whole 
should be traceable, and this was accomplished by Hbllrieoel (I.), 
in conjunction with Wilfarth, in the years 1884 to 1886. These 
workers, as a result of exhaustive investigation of plant-roots, 
arrived at the conviction that the development of the root-nodules 
stands in most intimate relation to the growth and assimilation of 
the whole plant. The number of nodules per plant was found to 
be the greater in proportion as the development of the latter was 
more perfect. Papilionaceous seeds (e,g. peas) sown in boxes of 
sterilised soil devoid of nitrogen, and protected from subsequent 
infection^ perished after nitrogen-hunger set in, but, on the other 
band, throve and ripened when the boxes were supplied with a 
small quantity of an aqueous extract from fertile soil. When the 
non-nitrogenous soil was watered with a little of the said extract, 
and then sterilised and covered with a layer of sterilised cotton- 
wool before planting the seeds, the result was identical with that 
of the fírst experiment, i.e. the plants started well, arrived at the 
stage of nitrogen-hunger after the unfolding of the sixth leaf, and 
then gradually fell into a consumptive statě and perished, barren. 
By these and many other experiments Hellriegel arrived at the 
incontrovertible conclusion that the absorption of atmospheric 
nitrogen by the Fapilionaeece is directly connected with the de- 
velopment (or the presence and activity) of the so-called leguminous 
nodules, which latter are produced solely by the action of certain 
bacteria on the roots. 

Hellriegel confíned his researches entirely to the Papilionacece^ 
and left out of consideration the other two families, viz., Ccesal- 
pinacecB and MimosacecB, which form with it the order Leguminosce. 
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The fonnatioii of nodules in these two faniilies was aubsequently 
investigated by B. Morck (I.), with the result thul ťho faculty 
was discovered in each one of aixty-five species (ftom tliirty-eight 
generft) exítiiiined. These discoveries wem eiipplemented by H. 
Lkcohtb (I.), who, in 1894, proved that nodulea are fonned in 
Arafkié hypogcea, the earth-nut, a fact already noted hj' Poitoau 
in 1852, but afterwards deiiied by Ericksson. The nodule bacteria 
of the Sója beán {Sója hie^ňda) liave beeu described by O. KlRcH- 
NKR (II.). On the ether band, neither Morek nor Fh. Nobbb (I.) 
waa ablc to dÍBcover tbe presetice oí root-uodulea 011 Oledilsrkia ; 
and it Í8 found irapOBsible to inoculate tlii« plant by the nodule 
bacteria of other Leguminoace. Apart from LegwninosOř, the organa 
in queation are found (so far as is at pregt:iit known) only on Alnvg, 
ElífOfftm^ anguslifdius, Hippophap, and Podorarpus, all of which 
are able to thrive in aoils destitute of nitrogen. The faculty of 
nodule formation has alao been aacribed to other planta. A 
Frank (IV.) goea tbe íarthest in this respect, and, indeed, assumea 
tbat all plants are in a position to také up free nitrogen, i 
opinion also recently expressed by J. Stoklaba (II.). Liebbchbr 
^I.) confinea his opinion within narrower limits, but bsciíIks the 
l»wer of tixing free nitrogen to oatfi and muatard ae well. The 
statements of Frank and Liebscher háve, however, been dieproved 
by the Bearching criticiama of, e.<]. Wilfarth (I.), U. Krenalet, 
P. Wagner, F. Nobbe, and L. Hiltnkr (I.) ; and J. H. Aeby (I.) 
has shown that mustard does not poaseas the faculty with which 
it is creditcd by Liebscher. The aame results were obtained by 
Ch. E, C0ATE8 and W. R. Dodson (I.) in 1896, in their experi- 
menta on the cultivatioii of the cotton plant {Gogsyptum), 



% 194.— The Nodule Bacteria. 

Tho diacoveries reported in the foregoing paragraph, and for 
■which wo havB chieťly to thauk Heliriegcl and Wilfarth, lead up 
to the queation whether tliis proved absorption of free nitrogen is 
effected in the root-noduie itaelf, or wbetber, by the infiuence of 
this formation, the entire plant— parti cul arly the foliage — becomea 
capable of taking up this gas from the atmosphere and tixing it 
combination T 

This latter opinion, which was cbiefly supported by A. 
Frank, has been investigated by P. KoaaowiTHCH (I.), who waa, 
hnwever, unable to diacern any absorption of atiuoepheric nitrogen 
by the parts of the planta above grouud. Attenlion must, tbere- 
fore, be concentrated on the root-nodules theniselves ; but before 
going iuto the queation whether and in whal manner the nitrogen 
ia fixed by them, it wíll be neceesary to beconie more dosely 
aequainted with the living organiams they contain, \' 
nodule bacterift. 

Tho discovery of theae bacteria by \VoroiiÍn in 1866 
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íollowed immediately by their generál recoguition in scientifíc 
circles. For example, H. Db Vries (II.) in 1877 looked upon 
them as non-essentiaL Moreover, when J. Brunchorst (I.), in 
Í885, examined them more dosely, he came to quite a differeut 
conclusion, aud defíned the supposed bacteria as organised albn- 
minoids coUected in the interior of the nodule cellsi and therefore 
termed them bacteroids (on account of their externai rcsemblance 
to bncteria). Hence the term bacteroidal tissue, applied to the 
interiial portioti of the nodules in which these organisms appear in 
large numbers. Remarkably enough, Brunchorsťs opinion found 
favour in the eyes of A, B. Frank (V.), althongh conflicting with 
his own discoveries made in 1879. '^^ Tschirch (I.) also ranged 
himself on the side of Brunchorst 

A com plete revolution of opinion took pláce iu 1888, when 
Beybrinok (XIV.) indubitably establiahed the fungoid nature 
of these supposed pseudo-bacteria, by isolating them from the 
nodules, and cultivating them further in artiíicial media. The 
pure culture obtained from the individual species of Papilionacece 
exhibited certain slight but undeniable dififerences, which, however, 
were not so extensive as to make their discoverer feel justiřied in 
classifying the organisms as separate species, so he defíned them 
as varíeties of a single species, for which he proposed the name of 
BacilluB radicicola. The artifícial formation of nodules induced 
by inoculating the roots of LeguminoasB with such pure cultures 
was successfully attempted a year later by Prazmowski, and will 
be noticed in § 195. The bacillus in question develops either 
feebly or not at all on ordinary nutrient gulatin, this substrátům 
being too rich in nutrient materials. Beyerinck recommends a 
decoction of the leaves of PapilionaceoB^ with the addition of 7 per 
cent. of gelatin, \ per cent of asparagin, and \ per cent of cane- 
sugar. The requisite degree of acidity in the medium is repre- 
sented by about 0.6 c.c. of normál acid per 100 c.c. The plates 
coated with this nutrient medium are inoculated with an infusion 
prepared by mixing a few cc. of sterilised water with a small 
portion of the contents of the bacteroidal tissue of a fresh, young 
nodule that has been previously washed with water, then steeped 
a short time in alcohol, freed from the latter by means of ether, 
and fínally cut open with a sterilised knife. The small quantity 
of inoculating liquid will be absorbed by the gelatin, leaving the 
bacteria on the surface, where their growth progresses in the 
most favourable manner. Here they develop to small mucinous 
colonies that do not liquefy the gelatin. 

Two forms of cells will be immediately noticeable in prepara- 
tions made from such a culture. Beyerinck distinguishes them 
as roda and revers. The f ormer háve a breadth of i fi and a length 
of 4 to 5 fi, and wander eagerly towards the edge of the cover- 
glass, where fresh oxygen obtains access. As veritable dwarfs in 
€omparison with these are the rovers, which are only 0.9 fi long 
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and 0.18 fi broad, and therefore belong to the smallest of known 
micro-organisms. Even the Chamberland filter cannot restrain 
them, and they escape tlirongh its porea As the name implies, 
they are endowed with motile |>ower, which is frequently so strong 
that indlvidual rovers are able to escape froin the parent colony, 
roake their way across the gelatin plate, and fonnd a daughter 
colony at a distance. The rod cella are not ínvariably of the 
ordinary cylindrlcal shape; on the contrary, varíously bulged or 
lobed forms appear in larger or smaller number according to cir- 
cumstances, and a forked branching, resembling the Greek y, is 
very frequent This peculiaríty, be it remarked en passant^ is also 
shared by other bacteríal species, e,g, the Pasteuria ramosa already 
mentioned in an earlier paragraph. BacUlvs radtcicola does not 
produce any enzyme capable of dissolving gelatin, starch, or cellu- 
lose, or of inverting saccharose ; neither has spore formation been 
detected, a circumstance harmonising with the fact that a tem- 
perature of 6o°-7o° C. suflSces to destroy this fission fungus. On 
the other hand, the organism appears to support drought and frost 
without sustaining any injury. 

A few words must be devoted to the varieties exhibited by the 
nodule bacteria. Hellriegel established (though without employ- 
ing pure cultures) that the nodule bacteria of peas cannot develop 
nodules on lupins and Seradella {Omithopua sativus). This obser- 
vation, which was challenged by A. B. Frank, was confimied by 
NoBBE, working with pure cultures, in conjunction with Schmid, 
HiLTNER, and Hotter (I.). Whether the species should be divided 
merely into races or varieties, as advocated by the observers just 
named ; or whether we should bere speak of dififerent 8i>ecie8 in 
the sense ušed by naturalists, and consequently express them by 
different specific nanies, as was attempted, e.g, by A. Schneider 
(I.), is a point of remote importance. Beyerinck (XV.) has also 
become a convert to this view, having been unsuccessful in inducing 
the formation of nodtiles in Vicia Fdba by means of bacterial cul- 
tures from those of Omithojms. On this point an interesting dis- 
covery was made by Nobbe, Hiltner, and Sohmid (I.), according 
to whom the bacteria from any given species of Legiiminosce 
produce the most plenit/ul development of root nodules in th& 
shortest time when applied to other plants of the samé species^ the 
potency diminishing in the čase of plants of merely allied species, 
and finally becoming nil when a greater specific difference exists 
between the originál plant and the one inoculated. The various 
separate species (or varieties) of the nodule bacteria can, to a certain 
extent, therefore replace one another. Thus, those of the pea are 
also efÍGicacious for all the examined species of the genera Vicia 
and Phaseolus, but, on the other hand, without effect on RohiniOy 
OmiiJiopuSy red clover, kidney vetch, and other clovers. Those 
of Rohinia form nodules only on Phoseolus and a few species 
of the genus Trifolium. Finally, according to the researches of 
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r. NoBBE, R ScHMiD, L. HiLTNBR, and E. HoTTER (II.), the nodule 
bacteria of Elceagnus differ greatly from those oí the Legtí- 
mi nosce. 

These observations are also oí importance to practical agri- 
culture. Already, for several years past^ soils intended to be 
brought under cultívation {e.g. high moorland soils) for the growth 
of nitrogen-collectmg plants are previoosly inoculated, t.e. strewn 
with a little earth from íields that havé bome leguminous plants 
for a long time, and are consequently rich in nodule-forming 
bacteria. For this inoculation to háve the desired result, it is 
necessary to use earth containing the bacterial species most efficient 
for the kind of Legriminosas to be afterwards grown. Practical 
experience on the importance of this consideration is already avail- 
abie. Thus Salfeld (L) has reported that a similar soil intended 
for peas could not be rendered capable of yielding a crop unless 
strewn with a little soil obtained from a good pea-fíeld, soil from 
a lupin-field failing to produce the desired effect A similar dis- 
covery was made by M. Flbischer (I.). This treatment must, of 
course, be preceded by any improvement found necessary in the 
chemical composition of the soil. Thus, for example, sour moor- 
land must previously be limed, in order to neutralise the acids 
preventing the development of the nodule bacteria. Moreover, 
this operation must be performed with discretion, an ezcessive 
addition of lime being avoided. Reference may be made on this 
point to a communication by Tagke, Iumendorf, Hessbnland, 
ScHúTTB, and Minssen (L). 



§ 195.— The Bacteroids. 

The bacteria in question are often met with in air and water, 
and very frequently in the soil. Nobbe, Sohmid, Hiltner, and 
Hotter (I.) made several quantitative bacteriological investiga- 
tions on this point. The bacteria pass from the soil into the roots 
of such plants as will admit them. The first successful artifícial 
production of nodules by the aid of pure cultures was made by 
A. Prazmowski (IV.). This worker, in view of the absence of 
the sporogenic faculty in these organisms, changed the name of 
Bacillus radietcolOi bestowed on them by Beyerinck, into Bac- 
terium radicicola. According to his observations, this físsion 
fungus penetrates the epidermal cells of the root-hairs, and there 
develops to a colony which then surrounds itself with a tough 
membráně. From this originál position there branches out a 
lustrous sac, fíUed with bacteria, which tums towards the bark 
cells and branches out amongst them. As a result of this advance 
towards the centre of the root-hair, the cells thereof are incited 
to rapid increase and beconie densely crowded, in consequence 
of which they assume a polygonal outline, and constitute the 
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bacteroidal tisaue already mentioned (Fig. 63). The pluma of 
thew cella, with ite fungoid encloíures, has been termed mjciy 
plasau hy A. B. Frank (YL). 

Before tracing the career of the bacteria any further, a few 
ezplanatoiy words must be added conceming their mode of 
arrangement (alread; teferred to aa a "aac ") at the time of pene- 
tratioD ínto the cella. These branching bacterial coloaiea en- 
veloped, as has been stated, in a membráně, were for a long time 
misunderatood. Beyerinck at 
firet considered them as the 
Burplus mBtt«r from the divi- 
aion of the nncleus of the 
nodule-cells (Eemtonnen/aden). 
By other workers they were 
styled mucuB thieads, fungoid 
hypbee, plasmodial corde, &c 
Frank, for a long time, heid 
them to be the mycelium of 
an independent higher fongus, 
differing from the nodule 
bacteria and belonging to the 
genus Scliinzia, and conse- 
quently named them Schiivda 
leffiíminosanim. Subsequently 
Frank, by the new name in- 
fsction thraads, indicated their 
trne nátuře, first recognieed by 
Prazmowaki. Frank, moreover, 
in hia studies on t)ie immigra- 
tion of the nodule bacteria in 
the loot, arrived at resulte dif- 
fering in aeveral pointa from 
those of Prazmowski. We can- 
not, however, go further into 
n»r«iio'«)! this matter, which ia one more 
cy topiiuňa :' amT^i^ of botanical than mycological 
«í?^fdí"'*'MiJr"''™' i'i'*''eat. He also discarded 
c*.) ' ' the name bestowed on these 

root ■ dwelling organieme by 
favour of the term RhizoHum leguminosaruTn. 
erroneoualy opined by 




Kactwr Etalnlng vlth i pn 
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Beyetinek 

The integunient of the threnda ia not, 1 

Frank, a product of the plaama of the nodule-cells, but is formed 
by the union of the swoUen membranee of the outer layers of the 
bacteria constituting these filamentoua colonies (oř zoogltsa). Ab 
waa Bhown by A. Koch (IV.) and M. W. Bkybrikck (XVI.), it ia 
atained Mne by zinc iodo-chloride, and tlierefore conaista of a sub- 
stance atlied to cellulose. The atmcture and progreae of the in- 
feotion threads in the nodule-cells can be readíly recognieed in 
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■ectional preparationa, staiiied by a aolution of equal parta of 
fuchsÍDe and methyl violet in i per cent. acetic acid. Tliia 
coloure the p)umal contenta and membráně of the nodulecells 
Une, the bactetia of the infectiou threads being stained red, whilst 
the membráně of the lattei remains uncoloured. It should be 
mentioned, in concluaion, that the^e threads of capeuled bacterial 
colonies are but tarely found in the nodules of lupius. 

The bacteria which háve (^ined accesa now develop in the cella 
of the bacteroidal tiaaue, and, fínally, imder the influence of the 
suiroundíng protoplasm, become modílied into involutiou foíms 
termed bacterolds, rich in albumin and no longer capable of le- 
production. This morphological change is lepreaented in Fig. 63, 






** * ' 
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rio. 6j.— DevelopmBnt ot bvtUiít to b«Kt«roid» Tin. 64.— BetlcoUted bud ot 

from the nierliMm ol ■ rooC-Dodulc ot Vlcbi b*clcn)ldi from Um DOdD]« 

utlvL Eipluution In the t«n. ol Vida Fiba. 

M*8n. 700. lÁfltr Beytrinci.) MkgD. 700. iifltr ficyn-incl.) 

in au example taken front the nodule of Vida saliva ahown in 

A section cut near the lower extremity meets the youngeat 
meriatem, where only long rode (u) in a high atate of derelopment 
are to be aeen. A little higher up, in older layers (v), tlie com- 
mencement of branchiiig is alreody discernible, and ia found in a 
more forward atate in a atill higher poaition (z). Finally, in a 
aection acrosa the cella of the intemal tiasue of the nodule in the 
diiectíon y {Fig. 60), none but Tariouely shaped bacteroidg (^) for 
the most part united to foím reticulated bonds (shown in Fig. 64) 
occuT. AJter attaining thia coudition the bacteroida are soon dis- 
aolved by the auirounding cell plaama and diaappear. However, 
before this occura, amall globular vesicles of an unknown nátuře, 
which, however, should not be regarded aa endospores, not in- 
frequently appear in tlie interior of thia formatioit. Little can as 
yet be said of the chemical composition of the contente of the.°e 
bacteroida. Micro-chemical reactions, howerer, indicate that the 
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greater part is composed oí albumin. Certain euclosures are also 
írequently observed, A. B. Frank (VIL), for instance, having 
noticod such bodies ín the bacteroids of individual nodules oí peas. 
He regarded them as amylodextrin, the discovery leading him to 
the opinion that two kinds oí nodules develop on these Papilio- 
nacece : albumin nodules and amylodextrin nodules. A subsequent 
investigation oí this matter by H. Móller (L) showed, however, 
that these doubtíul eticlosures do not consist of carbohydrates, but 
of waxy or íatty substances ; that they are also to be found in the 
bacteroids of the ''albumin nodules;" and that, moreover, there 
is but little probability of the existence of dimorphism in the 
root-nodules of the pea, since these enclosures are also occasionally 
met with in the bacteroids of the nodules oí other Leguminoam 
(e,g, Trifolium repens). 

Concurrently with the reproduction and transformation of the 
bacteria marches the development oí the nodule, which not oniy 
increases in size, but also becomes richer in nitrogenous compounds. 
This gradual increose in the porcentage of combined nitrogen in 
the nodules and the relative proportion of this substance there 
present, as compared with other parts of the root, were quanti- 
tatively investigated by J. Stoklasa (IL). From his results a 
few fígures háve been collected into the subjoined tables, which 
refer to yellow lupins : — 



Nitrogen Content In the Dry 
Matter from :— 



Root nodules 

Roots free from nodules 



At Flowering 
Time. 



Per Cent 

5.2 
1.6 



At Fructifl* 
cation. 



Per Cent 
2.6 
1.8 



In FuUy 
Ripe Fmit 



Per Cent 
1.7 
1.4 



That this nitrogen of the nodules was chiefiy in the form of 
albumin is revealed by the following table: — 



Percentage Content of the Dry 
Substance of the Nodules. 



Flowering^ time 
Ripened fruit 



Albumin. 

Per Cent. 
3-99 
1-54 



In Nitrogen as :— 



Amides. 



Per Cent 

0.35 
0.15 



Asparagin. 

Per Cent. 

0.34 
traces 



The fígures just given are surpassed in two anály ses made by 
A. B. Frank, according to which, a few of the pea nodules examined 
by him contained 6.94 per cent., and those from the dwarf beán 
7.44 per cent oí nitrogen, corresponding — on the basis of the 
íactor 6.25 — to an albumin content of 43.4 and 46.5 per cent. As 
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already remarked, the bacteroids — which, when they exhibit the 
aforesaid vesicles, are írequently termed vesicular bacteroids — are 
tinally dissolved by the surrounding plasma, which is thus eu- 
riched with albuminoids and is then diífused through the plant. 
The cell contents of the (formerly reddish but now greenish-grey) 
bacteroidal tissue gra<1ually vani^ and are dispersed into other 
parts of the plant, and the nodule consequently shrívels up. The 
commencement of this process of evacuatxon of the cells is indi- 
cated by the appearance of a centrál vacuole of gradually increasing 
size (Fig. 62). 

Neither the transition of the nodule bacteria into bacteroids, 
nor the fínal dissolution of the latter, goes on simultaneously in all 
parts of the individual nodules, which, moreover, are tbemselves of 
difCerent agea* Some of the bacteria escape the čonverting in- 
fluence of the cell plasma by remaining within the protecting 
mucinous capsule (membráně) of the infection threads. Hence, it 
happens that in the autumn large numbers of the bacteria are still 
present in an active condition within the nodules. In the subse- 
quent putrefaction of the latter the organisms are set at liberty, 
pass the winter in the soil, and then act again as nodule-formers in 
the folio wing spring. 

The bacteroid stage is not reached in every čase, the plasma of 
the nodule cells being unable in many instances to utilise the 
microbes. In such event it swarms with bacteria alone, which 
then act solely as parasites towards their host, and consequently 
the latter derives little or no benefít f rom the formation of nodules. 
This phenomenon is termed by Beyerínck "an overgrowth of 
bacteria." According to the observations of Nobbe and Hiltker 
(I.), it occurs when the inoculation is performed with bacteria that 
háve been grown on artifícial media for a long time. 

§ 196.— Clostridium Pasteurianum. 

The fact recorded in § 194, that absorption of nitrogen is not 
effected by the superior (aerial) parts of the Leguminosce, led us to 
investigate the root nodules more dosely. We then observed that 
the possession of these appendages enables the plant to grow well 
and ripen even in soils destitute of nitrogen, and we furthermore 
leamt that the production of these nodules is directly connected 
with the activity of certain speciál bacteria — the nodule bacteria. 
However important and satisfactory this result may be to agri- 
cultural practice, it still leaves unsolved the (from a theoretical 
standpoint) main question, " By what is the free nitrogen fixed ? " 
Is this effected by the nodule bacteria themselves, or do they 
merely exert a stimulative action on the plasma they inhabit, 
which is thereby empowered or spurred to unwonted activity ? 

The latter question cannot be answered by experimental means, 
since for that purpose the chemical activity of the bacteria would 
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need to hp. eliminnted nn^l only tlieír ossumed stimulating action 
allowed to operáte. However, tlie wiálied-Eor detiaion may be 
expected from tlie esperimeutal solution of the previoua questiun, 
aii'l attempts inay theiefore be made to ascertain whetber the- ' 
□odulii bacteria are of themselves capable of fíxíng free nitrogen. 
On tliia point Betehisck (XVII.) has conducted researchea in 
nutrient solutiona with putě cultutea of Dar.iUwi i-adkicola, aad 
in this nianner aacertained that during a period of two months 
an increaae of 9-18 m.grrua. of combined nitrogeu occurred par 
litre. Nevertheleas he conaideH that this diacovety leaves Lha 
question still undecided, and consequeutly a repetition and exten- 
eíon of his researchea in ttiis dírection is highiy deairabla. 

The exercise of tho still imperfectly proved capacity of Bacillut 
radieieola for fixing free nitrogen ia oppoBeii l>y a constderabla 
obatacle conatatiag in the diOicult accessibility of Ihe interior of the 
nodule (tho chief seat of this físsion fimgus) to the gaa to ba jixed. 
A. fi. Frank (VIIL) haa ascertained that the aii paasagea (inter- 
cellular apacea) of tlie nodules lead only aa far aa tlie cambitim 
iayor, but not into the liaoteroidal lisaue ; cnnaequently atmoa- 
pheric nitrogen cannot penelrate directly to this tissue. On this 
point R. BotjquKT (I.) has expreased an opinion worthy of furthet 
inveatigation. According to him, it ia the water abaorbed by the 
root9 and exhaled througli the leavea which condiicta and givea 
up free nitrogen ia aolutíon to the root cella, where it ia tbea 
combined by the plasma. 

If, then, W6 muat conaider the question, whether the fixation 
of free atmospheric nitiogen ia effected witkin the nodulea, to be 
atill imperfectly solved, it ia, on the other hand, clearly proved 
that such an operation goea on in (uncultivatnd) soil. Thía was 
íjrat obaerved by M. Berthelot (I.) in 1885, and he aubaequently 
proved that this phenomeiion ia not occasioned by exclusively 
chemical affinity, but is dne to the activity of micro^jrganiams. 
Opinions on the natiire of the organisma were at &rat divided. 
Th. ScHLOEsiNo, jun., and Em. Ladrbnt (L) aacribed the fixation 
of nitrogen to cettain bwer algre {Con/ervii, Oeňllarvt, NttzKliia), 
and mosaea (Bryum, Leptobvyum). Doubt waa caat on thi§ hypo- 
thesis by A. Gaotieb and E. Drouin (I.), and P. Kossowitsoh (IL) 
diaproved it— so far aa the algte are concemed — by the aid of 
pure culturea. Bkrthblot (II.) then showed that the activity 
of fungi — both Eumijcetes (such as Aspergilhia niger, Alternaria 
tenuU, &c,) and Sehiromi/cetes — is in queation. 

For more precise investigations on thia matter wo háve to 
thank S. Winogradskt (II. ), who deaeribed a fission fongus bf- 
longing to the group of btityňc acid bacteria, and bearin^; the 
name oí Cloštridium Paslexírianiim. This occura in the form of 
roda, i.x /i. broad and about 5 /i long, each ptodncing an undoapore, 
the cella thereby awellíng iip to the clostridium fonn, and stoňng 
up in their interior (though not at both poles) substances that 
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are stained a deep blue-black by iodine. The ripe spore escapes 
through the wall of the mother-cell in a longitudinal direction. 
The great resemblance between this clostridium and the butyric 
acid bacteria described in a previous section is not only morpho- 
logical, but also extends to the fermentative capacity. For example, 
Ciostridium Pagteui^ianum acte on sugar in such a manner that 
both volatile acids : butyric acid and acetic acid (4:1), and gases : 
carbon dioxide and hydrogen (60-75 P®^ CQnt, of H. by volume) 
are formed. The importance to us of this físsion fungus on the 
ipresent occasion consists in its behavicor towards nitrogen, which 
:gas it absorbs from the atmosphere, fíxes it and employs it in the 
•eiaboration of organic substances. The energy necessary thereto 
is supplied and liberated by the decomposition of sugar; conse- 
<][uently it is easy to understand that a definite relation exists 
between the amounts of sugar fermented and of nitrogen com- 
bined. This ratio was determined by Winogradsky as 2.5-3 
in.grms. of nitrogen to 1000 ni.grms. of dextrose. This element 
(N.) when in a statě of combination is not only valueless to 
Glostridium Pasteurtanuniy but when present in large quantity 
even injurious thereto. For the cultivation of the microbe — 
which cannot be carried out on the ordinary nutrient media 
(gelatin, bouillon) in use, though it grows on sliced potatoes — 
use is made, preferably, of an aqueous solution containing i gram 
KgPO^, 0.5 gram MgSO^, 0.01-0.02 gram NaCl,FeS04,MnS04, 
a little CaCOg (for fíxing the acids), and 20-40 grams of dextrose 
per litre. Clostridium Pasteurianum is strictly anaerobic, and in 
the soil is therefore obliged to rely on the co-operation of aerobic 
íission fungi, which remove the injurious oxygen from its sphere 
of influence, surround it with an atmosphere of nitrogen, and as 
a reward for this service háve the opportunity of consuming the 
nitrogenous substances eiaborated and excreted by the Clostridium. 
Winogradsky observed two species of such assistant organisms, 
detailed mention of which can, however, be omitted, it being 
sufficient for our purpose to háve referred to this new čase of 
symbiosis. 

Whether the just-named faculty of fíxing nitrogen is also pos- 
sessed by the organisms akin to Clostridium Pasteurianum, e.g, 
Prazmowski^s Clostridium butyricum, still remains undetermined. 
WiNOGRADSKT (HI.) cxamiucd fífteen species of soil bacteria in 
this connection, with only negative results. In the higher fungi 
K. PuRiBWiTSCH (I.), in an improved continuation of Bertheloťs 
researches, showed that both AspergUlus niger and Penicillium 
glaucum fix free nitrogen. Their potency is, however, but slight, 
and is no't to be compared with that of Clostridium Pasteurianum^ 
since it is not manifested in media devoid of nitrogen. According 
to H. JuifBLLB (I.), Spirillum litteum, also, is capable of thriving 
in media free from nitrogen. 

The proof of the fact that the fixation of free nitrogen occurs 
VOL. I. z 
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in the soil affords a new poesible explanation of the activity of the 
nodule bactería of the LeguminoMí, viz., that the actual abeorption 
of the free nitrogen goes on tnitside these root formations ; sub- 
stances unaasimilable by higher planta being formed, and then 
converted into an assimilable íonn by the nodule bacteria. Thia 
provisional interpretation, which will not encroach on futura re- 
search, is not without its analogies; one need only recall the 
Myearhtzay dxscovered by Frank on the rootlets of the majority 
of forest trees {Cupvliferce^ Con%fercB\ heaths (Erícacect\ &c., and 
in regard to which the most important discoveries made up to 
the year 1888 will be found brieíly reviewed in a treatise by 
F. Benecke (IL). 

The great importance to General Physiology of the researches 
reported above will be readily appreciated, since they háve brought 
to our knowledgo organisms which dispense with combined nitro- 
gen as a food stuff, and are consequently of the greatest importance 
in the economy of Nature, by revealing the means for maintain- 
ing the circulation of nitrogen. Large quantities of this element 
are daily liberated by the activity of both de-nitrifying and nitrify- 
ing bacteria, and restored to the atmosphere, the result being that 
the stock of nitrogenous compounds, so essential to the nutňtion 
of all other plants and all animals, becomes reduced. To com- 
pensate and reverse this loss is the task of the nitrogen-fíxing 
fungi, which, for this reason, must be regarded as the benefactora 
and foster-mothers of all other living creaturea 



SEOTION IZ. 
OXIDISING FERMENTATIONS. 

CHAPTER XXXIV. 

THE IRON BACTERIA. 

§ 197.— Morphology of the Genera Crenothrix and 

Cladothriz. 

Thb group oí Schizomyeetes known as thread bacteria can be 
divided into two sub-groups. To the one of these belong the two 
genera (descríbed in the f ollowing chapter) which store up globules 
of f ree sulphur in their cells. The appearance of these organisms 
is 80 characteristic that a skilled eye can detect them with ease. 
On the other hand, the fíve genera of the second sub-group lack 
this peculiaríty. In three of these latter, viz., Streptathrioc, Lepto- 
thnXy and Gladothnx^ the físsion of the cell takés pláce in one 
direcrtion only ; consequently, rods are formed. In the other two, 
however, viz., Crenothrix and Phraginidiothrix^ the extremity of 
the thread is broken up, by division in all three directions of space^ 
into coccus-like cella No perfectly satisfactory morphological de- 
scription, or deíinite separation of tiiese five genera into species, haa 
yet been drawn up on this basis. This defect — to which reference 
has also been made by C. Sauvageau and M. Radais (I.) — there- 
fóre restricts us to the consideration of individual examples. A 
typical one is afforded by Crenothrix polyspora, This thread 
bacterium was first descríbed by F. Cohn (XI.) in 1870, and was 
subsequently also named Crenothrix Kiihniana, It is illustrated 
in Fig. 65, which shows that the threads are sessile, each of them 
consisting of a single row of short cells held together by a common 
tubular integument, called a sheath. This latter is formed by the 
splitting of the cell membráně into two layers, the outer one of 
each cell becoming merged into the adjacent membranes above 
and below, and thus forming a uniform tube in which the cells 
can move up and down. The threads are not cylindrícal, but in- 
crease in diameter from about half way along their length towards 
the free end, so that the cross-sectional diameter varíes from 1.5 
to 5 /x. Moreover, as may be seen from the figuře, the varícus 
segmente of the thread are of unequal length. As the cells 
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mnltiply rapidl;, the upper menibera m forced out of the Bhe&th, 
but ue, for the most put, alreadjr subdivided — by the developmeat 
of partition walli 
in all three cJirec- 
tions of Bpaca — 
into 8 mail rounded 
cellu, which thei«- 
upon maka their 
escape. The new 
cella vary ia size 
Bccording to the 
rapidity of this 
proceas of subdivi- 
eion, Eind are cor- 
lespondingly dis- 
tinguished byZopf 
aa micrococčl (r), 
«nd macrococci (7) 

<f \\ ""nH Slhl/ propoeed the ternu 

microgonidla and 

ButcroconldU, be- 

I (^ AA U Pi Q W7 M cause their method 

iJ tt\ 51 H r Jri li of formation beats 

*• \ V^ « XT^n U ,? * alight apparent 

reseinblaoce to the 
eDdo8poreB(kiiown 
aa gonldla) of cer- 
tain Etunycetea, 
with which we 
ahall become ac- 
quainted in the 
second volume. 
The dimensions of 
theae cocci vary 
betweeu i ^ and 
6 II. Their cell- 
walla awell up 
readily, and unitě 
to f onn zoogloea (/) 
up to I cm. in 
diameter. Under 
favourable condi- 
tions the cocci 
then grow, by re- 
peated subdiviaion 

and aheath-íormation, into the thiead forniB already deaciibed. 

ZoFr (VL) observed that in many cases this occura before they- 
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hare quitted the sheath oí the pareut threaá ; and in thío mauner 
tufted forms, similar to that ehovn in Fi^ 66, are produced. 




Othenriae, the sheath is gradually emptied of ita contents, and 
then coUapees limply and withera up. 
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If we disregard the exceptíons just named, wherein the ger> 
mination of the cocoi proceeds within the parent thread, and so 
causes it to present a branched appearance, it may be said that the 
genus Orenothrix appears only in the form oí single, unbrancbed, 
filamentous chains oí cella. This characterístic suífficea to dia- 
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FlO. 68.— Diagram of the falše hranchlng of 
Cladothrix.] 



Fio. 67.— Cladothrix dichotoma. 

Portlon of a thread with several 
branching forks. Stained with 
fuchalne BoluUon, and thua re- 
vealing the articulation into 
long rods. Magii. 540. {^Áfltr 
Zopf.) 



tinguish this genus from that bearing the nanie of Cladothrix^ the 
best-known species oí which is Cladothrix dichotoma. As this 
name implies, we háve here to do with a íorked thread, such as is 
ahown in Fig. 67. This falše branching is produced in the follow- 
ing manner : — One oí the rod-shaped joints of the thread turns 
aside, and, growing beyond its next higher neighbouring cell, 
repeatedly subdivides and íonns a new thread, on which a similar 
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faloe branching may bIso develop. Heuce there eiiBuea a foriiia- 
tion the intemal Btnictnie of which íb repreeented diagrammatically 
in Hg. 68. In man; species (not depictod here) the sheatb be- 
comes greatly thickened at the base, where it attains a diameter 
maDy times exceeding that of the celIs it eiicloses, but tapers ofT 
gradually towatds the free extremity. CladotkTtx didtotoma also 
dilTers from the above-mentíoned thread becteria ín another ímpor- 
tant particular, viz., by the production of rod-shaped roving cells, 
called rod-Konldia, whicb develop at the extremity of the t£reads, 
and, after being initially embedďed in the 
ewolleu sheath (Fig. 69), are libeTated, 
wandpT about, and finally settle down to 
form new threods by subdi vision and 
eheath-f onn ation . 

Allied to Clcfdothrix dichoíoina — 
though not, as Zopp (VII.) opíned, be- 
longing to the morphological cycle of thia 
OTganism — is Leploíhríx ochracea, which 
was Hrst described by KUtzing. A second 
aheath-forming tbiead bacterium, allied to 
the genuB Cladothrix, was also examined 
by him, and named Spkarotilva naíant. 

It is still too imperfectly known to be ^ 

dilated upon here, although Ed. Eidam (II.) 'a*dothri. diihoton* 
also occupied hiraself with it. Associsted anbdiruion inw rortng rodí 
witn this colourless species la a second tiinad. i. the looHned 

(coloured) species, díscovered by W. SS'5iWti.e'£*(iít2Š 

ZoPF (VIII.) in a Silesian river receiving ciii* (c> lUgii. um 

the drainage from a sugar-works. The iffi,^.':'^*^'' ""* 

cells of this, SphmrotUtu roseug, contain a 

yellow and a red colouring matter, which circumstonce is of itself 
euflicient to distínguish it from all other (colourless) species of 
thread bacteria hitherto mentioned. 

The genus Pkragmidiutkrix, one species of which— P/i. multi- 
septala — was discovered by Enoler (I.) in the so-called "dead 
ground" of the Bay of Kiel, differa from all the foregoíng in 
the absence of sheath formation. 

§ 198.— Physiol(^7 of the Iron Baoteria. 

It is not slways possible to diacem the etructure of these 
thread bacteria without aome preliminaiy treatment, because in 
most cases the sheaths are surrounded and permeated by red-brown 
mosses of feiric oxide. These depoaits and accumulatíons are 
characterÍBtic of theee plants, and facilitate their detection and 
discovery. Since other fungi exposed to the samé conditions do 
not exhibit this peculiarity, Cohn formed the opinion that its 
occurrence is intimately connected with the vitol activity of the 
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thread bacteria, the ferríc oxide being deposited in their sheath- 
ing in the samé way that silica is accumulated in the plates 
of the diatoms. We are indebted to S. Winooradskt (FV.) for 
proving the correctness oí this view, and for refuting the opinion 
of Zopf that the depoeition is purely mechanical ; and we háve to 
thank the samé observer for the more intimate investigation of the 
process in question. 

The species Orenothrix polyspora^ Gladothrix dichotomay Lep- 
tothrix ochracea, &c, occur in particular abundance in such 
waters as are rich in iron, not in the form of oxide, but as the 
soluble bicarbonate of the protoxide, FeH2(COg)2. Ferruginous 
springs, ascending from the deeper strata of the rocks, bring np 
this substance in a ready-formed statě ; and in the water of the 
upper strata it is produced by the decomposition of vegetable 
matter, the iron, both in this and in the water itself, being con- 
verted during cellulose fermentation into the hydrocarbonate. 
This compound is then absorbed by osmosis into the bacterial 
cell, where it is split up by the plasma and oxidised, according to 
the equation — 

2FeCOs + 3H20 + = Fea(0H)í + 2C0a. 

The ferríc oxide is then stored up in the sheath, to which it 
imparts a coloration, initially pale yellow but gradually changing 
to dark brown. Freshly precipitat^d ferríc hydroxide is, as we 
know, somewhat soluble in water, but afterwards gradually passes 
into a condition in which it is only attackable by weak acids. 
This change can be traced in the young bactería, the colouring 
matter in the yellow sheath being at first extractible by washing 
with water containing COg in solution. Subsequently, however, 
dilute hydrochloric acid must be resorted to, and at a still láteř 
stage even this solvent is powerless to extract the brown deposit. 
A very fine and fast blue stain can be produced jn young sheaths 
(the iron in which is still soluble in acid) by exposing them to 
a mixture of hydrochloríc acid and yellow prussiate (potassium 
ferrocyanide), whereby the hydroxide is dissolved, immediately 
converted into Berlin blue, and re-precipitated. In older thrcads 
the deposits of ferríc oxide increase to a thick incrustation, and 
entirely conceal the structure of the cells. 

Winogradsky discovered that these bacteria thrive only when 
ferrous carbonate is available, and that growth is arrested directly 
the nutrient medium contains no iron, or only iron in the condi- 
tion of oxide. This fact entails the conclusion that the life of 
these bactería is mainly sustained by the energy liberated during 
the oxidation of ferrous oxide to ferric oxide. Consequently, these 
organisms rightly deserve their n ame of "iron bacteria. '' According 
to the discoveries of H. Molisch (I.), iron can be replaced in this 
oxidation process by the cheroically allied metal manganese. These 
bacteria require but a very small quantity of other nutrient 
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materíals, an addition of, e,g, a few thousandths of i per cent. 
of sodium acetate to femiginous water being entirely sufficient to 
bring them to a statě of perfect development. This inexigency is 
also indicated by the observation, made by O. Róssler (L), that 
Cladothrix polyspora can be grown on bricks moistened with a 
little ferrous sulphate solution. In 1894 M. Búsoex (I.) succeeded 
in obtaining pure cultures of Cladothrťx dichotoma on gelatin. 

The decomposing power of these organisms is very great, the 
aniount of ferrous oxide oxidised by the cells being a liigh multiple 
of their own weight. This high chemical energy on the one band, 
and the inexacting demands in the shape of food on the other, 
secure to these bacteria an important part in the economy of 
Nature; the enormous deposita of ferruginons odire and bog- 
iron ore, and probably certain manganese ores as weU, being the 
result of the activity of the iron bacteria. 

Moreover, they make their presence evident not oňly in natural 
water basins, but in all other places where water rich in iron is to 
be found in quantity. Consequently, these organisms may develop 
into an actual nuisance to water-technicists by penetrating into 
the clarifying reservoirs and delivery pipes, and there growing so 
vigorously as to completely obstruct the passage of the water, and 
thus intemipt the service of distribution. Many towns deriving 
their water supply from a soil oř river water rich in iron háve 
suffered from this nuisance; Lilie, for example, as reported by 
GiARD (III.)> ^^^ Berlin, as mentioned by W. Zopf in his treatise 
already referred to. In the waterworks at Lake Tegel, from 
which the greater part of Berlin derives its supply, these bacteria 
(and especially the " well-pest," Crenothrix polyspora) flourished 
so luxuriantly that they constituted more than one-half of the layer 
of sediment (about fořty inches in depth) gradually collecting at 
the bottom of the reservoirs. One means of obviating this nuisance 
(although oniy practicable on a small scale) is by freeing the water 
from its content of ferrous oxide, for which purpose P, Woltbríno 
and A. Sassen (L) recommended a method (which is said to 
answer) consisting in passing the water through coke towers where 
the ferrous oxide is converted into ferric oxide, the latter being 
then removed by suitable strainers. 

Finally, Cladothrix odorifera merits brief consideration. Every 
one is acquainted with the peculiar smell of the soil, more particu- 
larly when moist, e.g, after a brief sbower of rain. According to 
the researches of M. Berthelot and G. Andrí (L), this odour is 
due to a neutral organic compound, present in the soil and volati- 
lising at the samé time as water vapour. The producer of this 
(not yet precisely identified) compound has now been recognised 
by RtTLLMANN (I.) in a new species of bacterium, viz., Cladothrix 
odorifera. It occurs along with Cl, dichotoma in the soil, and, 
like the latter organism, can be cultivated on nutrient gelatin ; 
but whereas the colonies of CL dichotoma are inodorous, lique- 




factíve, and turu the substrutuin browu in a ahort time (two d _ 
tliose of Cl. oiiori/era, od ihe otlier liaiid, retaiii their chalky-whita 
appearance aMd evolve the aforesaid earthy eiuell. Rulxmaíín (IL) 
also fouiid that this species is capable of witbstaiidbg tlie influenoe 
of drought and poJaonaj beiiiH able to bear esposure for- twen^- 
fouT hourá to a i : looo solutioii of corrosive Bublimate. Like ite 
aforesaid congcner, Ct. udorifera posaesses considerable ozidúíng 
power, though thia is manifested by the transformatiou of ammonía 
into uitric acid, and not by the conversion ot fertouB into ferric 
oxide. This mode of actíon Í8 not ]>eciiliaT to this organÍBm alone, 
but is ahated in a still higher degree by a group of bacteria whoae 
acquaintaiíce we shall niake in Chapter xxxvi. 

The iroD Iiacteria are Dot the only Schizomycetet capable of 
liberating the cnergy Deuessary foi the maiutetiance of their exist- 
ence írom inorganic bodies. In the next two chaptera we shoU 
make the acquaintance of fresh natural groU]« and other ptoceBsea 
similar to iboae deacribed ; thiia justifying ihe title of this con- 
cluding aection. 



CHAPTER XXXV. 

THE SULPHUR BACTERIA. 

§ 199.— Horphology of the Genus Begrgriatoa. 

TuE sulphnr bacteria, so called on account of their peculiar pro- 
perties, differ both in structure and external appearance from the 
filamentous bacteria described in the preceding chapter. They 
may be divided into two sub-groups, one of which fonus the species 
•classifíed by Engebnann as puzple bacteria, and already noticed 
in Chapter xiii. on account of their behaviour towards light. The 
other sub-group of the sulphur bacteria, which assume the form of 
long threads, will uow be described. 

It will be useful to preface this description with a few hiuts 
•conccrning artificial cultivation and reproduction for the purposes 
•of investigation. The sulphur bacteria are seldom absent in marsh 
water, although their number is frequeutly so small as to elude the 
inquiring eye of tho microscopist. In ordcr to cause them to 
increase, the conditions of the environment must be rendered 
favourable, and with this object the simple method proposed by 
their careful observer, S. Winogradsky (V.), is employed. A few 
•cuttings of the fresh root-stock of the fiowering rush, Butomus 
umhellatus (found in every pond, and by no means rare on river 
banks), are placed, along with the adherent mud, in a deep vessel 
<íontaining 3-5 litres (about a gallon) of water, a couple of grams 
of gypsum beiiig added, and the whole left to stand uncovered at 
room temperature. After five to seven days the liberation of 
Bulphuretted hydrogen will already be noticeable, the gas being 
disengaged by various species of fission fungi present in the mud 
and acting on the gypsum. In this manner the ground is pre- 
pared for the sulphur bacteria also present, and the latter then 
develop rapidly. At the end of three to six weeks their presence 
can be ascertained by the aid of the microscope, and they gradually 
increase to such an extent as to be recognisable by the unassisted 
eye. Generally, this diversified mixture of sulphur bacteria is not 
deficient in the red species as well, but the colourless long thread 
forms are most plentiful. 

Two genera were more dosely investigated by Winogradsky. 

The one of these bears the name of Beggiatoa, given by Trevisan (I. ) 

in 1842 in honour of the Italian pliysician F. S. Beggiato of A^icenza, 

"who, in 1838, published a communicatiou on the flora of the sulphur 
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springs of the Euganean Hills, near Padua. The species of this gentis 
occur as actively motile cylindrical fílamenta, which may attain a^ 
length of I cm. and more. The breadth is always constant in each. 
separate species, and thus aífords a means for differentiating between 
them. Under favourable conditions of nutrition, and especially izL 
presence of sulphuretted hydrogen, the interior of the individual 
threads (Fig. 70, a) is seen to be well stocked with roundish, 
highly refractive granules, i.e. the sulphur granules described later 
on. In this condition the transverse cell walls are indiscernible^ 



Fio. 70.— Beggiotoa alba. 

The samé portion of thread under dif- 
ferent conditions of existence. 

a. in a medium rlch in H,iS ; the thread 
is densely packed with sulphtir 
granules ; b. after twenty-four 
hours' iojoum in a liquid devoid 
of H.S ; only a few sulphur granules 
remain ; c. at the enu of a further 
forty-eight hours; sulphur totally 
disappeared, transverse walls now 
visible, contents of individual cells 
ffranulated. Magn. 900. {.After 
Winopndsky.) 




Fio. 71.— Beggiatoaalba. 

Moribund through lack of H,S. Thread f&ll- 
ing apart into iU short members, which. 
thereupon assume a roonded form. Magn.. 
900. (After Winogradšky.) 



Fio. 72— Tennlnal portion oř threadi oř («)• 
Beggiatoa media and (y) B. minima. 

Magn. 90a (AfUr Winogradšky.) 



oř only detected with difficulty, as will be gathered from Fig. 70, c, 
which shows the samé thread after it has lost its enclosed sulphur 
granules by a long sojourn in water devoid of sulphuretted hydrogen. 
Moreover, the length oř the cells varies in the different species^ 
If this organism be deprived of the said gas, which is indispens- 
able to its continued existence, then the threads begin to break 
up (Fig. 71;, the contents — except a thin coating attached to the 
walls — vanish, and they finally perish. No success has attended 
the search for spore formation in the Beggiatoa, The most abun* 
dant species of this genus is Beggiatoa alba^ the threads of which 
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are 2.8-2.9 a in thickness, whilst the length of the individual 
members varies between 2.9 and 5.8 At, the shortest of them being 
thus symmetrical. A second species, with a diameter of 1.6-1.7 At, 
the length of the separate cells being 4-8.5 fi^ has been named 
Beggiaioa media; and a third kind, whose diameter is only 0.8 a^, 
is called Beggiaioa minima, Both these species are shown in Fig. 
72, magnifíed to the samé extent as the fírst-named species. In 
•addition to these there is still a large number of species whose 
threads vary in diameter between the above limits. Compared 
with all these the Beggiaioa mirábilis noted by Cohn (XII.), 
Warming, and Engler, but not yet more minutely examined, the 
threads of which are said to attain a breadth of 30 a^, is gigantic. 
According to Winogradsky, the breadth of the cells of any given 
-species is — to emphasise this point once more — unalterable. 

The growth of these Schizomycetes is very slow, a thread re- 
quiring at least twenty-four hours to double its length. They are 
•extremely susceptible, even merely the grip of the forceps being 
f atal. For this reason they háve to be sucked up by means of a smaU 
tube, for purposes of examination, and protected from the pressure of 
the cover-glass by introducing splinters of glass, &c., into the liquid. 



§ 200.— The Species of the Genus Thiothrix, 

which has been newly established by Winogradsky, differ from 

Beggiaioa by the absence of free motility, they being sessile, i,e, 

attaching themselves at one extremity by 

means of a mucinous sucker to the walls 

of the culture vessel, the cover-glass of 

the microscopical preparation, to stones, 

xemains of plauts^ and similar quiescent 

substrata in the situations where they 

occur naturally ; whilst the other end 

extends into and grows in the liquid. 

Such a one is shown in Fig. 73. In this 

genus, also, the articulation of the threads 

is ordinarily concealed by the abundant 

content of sulphur, but if the latter be 

washed out with absolute alcohol and the 

cells stained, e,g. with fuchsine, the trans- 

verse walls are plainly revealed. The 

length of the joints gradually increases to- 

wai-ds the free end, as will be seen from 

the subjoined measurements given by 

Winogradsky : — Length of joint near the 

point of attachment, 4-8.5 a^ ; at the apex, 

8-15 fí. However, there is no scarcity 

of considerably shorter cells. So far as the breadth of the threads 

is concemed the above conditions are reversed, the threads taper- 




Fio. 73.— Thiotrix nivea. 

Group of young threads with 
one end flrmly attached 
to the tubstratum by 
means of the sucker (in- 
dicated by dots). Magn. 
900. {Áfter Winoijradtky.) 
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ing off towards the free eml, where, for example, their diameter 
Í8 only 1.5 M> compared with 2.0 /x at the base. Consequently the 
cellB are more slender towards the tip. 

A second characteristic point of difference from the genus 
previously described is the appearance of a (merely slight) sheath, 
whereby the moribund members are partly iield together, whereas 
the Beggiatoa threads at this stage hreak into short fragmente and 
finally into separate cells. 

A third characteristic of the genus Thiothrix is the dislocation 
(termed conidia-formation by Winogradsky) of the uppennost 
joint of the thread. The rod-shaped cell, thus loosened from the 
chain, crawls a short distance along the solid substrátům, then 
develops a mucinous sucker and grows into a new thread, from 
which in turn conidia subsequently wander and settle in the 
vicinity, the result being the formation of the whitish, tufted, 
thread colonies characteristic of Thiothrix, 

Here also the thickness of the threads constitutes a criterion 
for the classifícation of species. One of them, named by Wino- 
gradsky Thiothrix nivea, has a diameter of 2-2.5 ^ ^®^^ ^^® base, 
1.7 Ab in the middle, and 1.4-1.5 a^ at the tip. In a second species 
the diameter is almost uniformly i.o-i.i /jl throughout the whole 
extent of the thread. It is known as Thiothrix tenuis, and is 
probably identical with a fission fungus discovered by Engler 
(I.), in the so-called "dead ground" of the Bay of Kiel, and which 
he held to be a Beggiatoa and called by the specifíc name B, 
alba var, universális. The threads of a third species {ThiothHx 
tenuisnma), from a sulphur spring at Adelboden (Switzerland), 
measure only 0.4-0.5 /jl in breadth. W. Zopf (VII.) regarded 
the sessile sulphur bacteria as belonging to the morphological 
cycle of the Beggiatoa, and named them "sessile Beggiatoa,'' 
until Winogradsky proved that two distinct genera are here in 
question. 

As will be shown later on, the life of the sulphur bacteria is 
indissolubly connected with the presence and availability of free 
oxygen. In the mode of satisfying their needs in this respect the 
two genera diífer. The Beggiatoa, being endowed with the power 
of locomotion, can more readily accomplish this object by their 
ability to proceed at will to the surface of the liquid. Conse- 
quently this species ^ains the upper hand in stagnant or quietly 
flowing waters, in which they search about so eagerly that very 
little of the oxygen diífusing into the water can reach the bottom 
where the Thiothrix species rest. The latter, however, háve the 
advantage in rapid running water, the loose Beggiatoa species being 
washed away by the current. In either event, whitish mucinous 
masses highly characteristic of sulphur springs accumulate in time 
— e.rj, those of Baróges in the French Pyrenees — and are known 
in France as barégine or glairine. 
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§ 201.— Morphology of the Non-Fllamentous Sulphur 

Baeteria. 

Several red species of these organisms are already known to us 
(§91), viz., Chromatium (Monas) Okenii, Monas Warmingii, Spiril- 
lum rubrum, Sp, volutans^ Ophidomonas sanguinea, Bhabdomoruu 
rosea. These are again shown in Figs. 74 to 78. It was remarked 
in § 68 that Ray Lankester had assumed all these organisms to be 
merely speciál forms of one species for which he proposed the name 






Fio. 74. 

Chromatium OkeniL 

Magn.600. (Á/terF.Cohn,) 



Fio. 75. Ito. 76. 

BhabdomonM rosea. Monat Warmlngil. 

Magn. 600. (AfterF. Cohn,) Magn. čoo. (AfUrF, Cohn.y 






Fio. 77.— Spirillum volutana 
Magn. 600. {AJter F. Cohn,) 



ťio. 78.— Ophidomonas sanguinea. 
Magn. čoo. {After F. Cohn.) 



Baderium rubeseens. The basis for this assumption was, however, 
a very insufficient one, since it rested príncipally on the identity 
(which, moreover, was not satisfactorily demonstrated) of the red 
colouring matter, peculiar to these organisms, and which received 
from Lankester the name bacterio-purpurin. This investigator 
was supported in his views by Warming (in 1875), who on his 
part classifíed a large number of the red sulphur bacteria examined 
by him into a single species, viz., Baderium mlfuratum, Zopf 
(in 1882) went still farther than either by defíning all these 
organisms as speciál forms of growth of a single species of thread 
bacterium, viz., Beggiatoa roseo-persicina, which, under certain cir- 
cumstances, was said to appear as long threads (Leptoihrix), and 
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under others as fractions of such threads, viz., as Manos, SpirUlum^ 
^&, capable of developing once more into tlireads. 

The re-investigation of these discoveries (which were not made 
with pure cultures) by Winogradsky led to the refutation of this 
assumed variability of form, and also to the discovery that the 
above-named red sulphur bacteria are not capable of progreMiTe 
development, i,e. of growing into thread form. Some little doabt 
fltill prevails as to the existence of retrogreasive development, iLe. 
the dismemberment of short cells from filamentous red Beggiatoa 
species. In contradiction of Winogradsky's statement that the 
fílamentous sulphur bacteria {BeggicUoa and Thiothrix) are invari- 
ably colourless, and consequently cannot throw off coloured cella, 
W. Zopp (VIII.), in a subsequent communication (1895), reported 
the existence of red BeggicUoa species which become dismembered 
into short (sulphur-bearing) cells. The question must consequently 
be considered as requíring furtber investigation. The results will, 
however, be chiefly of botanico-morphological interest, and will not 
affect either the fírmly established theory of the pleomorphism of 
the SchizomyceteSf or touch the physiology of the sulphur bacteria, 
which latter is the sole property meriting consideration, so f ar as 
we are concerned. So long, however, as Winogradsky's discoveries 
Temain uncontroverted by any thoroughly reliable investigations, 
his deductions must be allowed to stand, viz., that the sulphur 
bacteria are not pleomorphic — neither the colourless, fílamentoua 
genera nor the no u- filamentous red genera. The Russian physiologist 
•described a long series of species of the latter type, which, as they 
are devoid of speciál physiological importance, we need not examine 
more minutely. It will be suíficient to mention the chief forma. 

The aforesaid purple bacteria are only a single sub-group com- 
prising all those sulphur bacteria whose living cells are free and 
capable of locomotion. It is divided into three genera, Chromá- 
tium, Rhabdochromatium, and Thiospirilluin, Of these terms the 
penultimate one is synonymous with Cohn^s Rhahdomonan^ whilst 
the last one comprises all red sulphur-bearing spirilla, and conse- 
quently includes Ehrenberg^s Ophidomonas, A contrast to this 
sub-group of free cells is afforded by the species of red sulphur 
bacteria which are generally united as colonies. In the genera 
Thiocijstis and Thiocapsa this union is efifected by a mucinouB 
sheath, which is absent in Thiosarcina, In all three cases repro- 
duction occurs by físsion in three directions, and the samé behaviour 
is exhibited by the genus Lamprocystis^ which principally ditfers 
from the other three in the structure of its bag-shaped zcoglcea, 
which is hoUow internally, and consists solely of a lattice-like 
network. A good representation of this species was given bj 
CouN (II.), who described it, along with other organisme, as 
Clathrocystis roseo-persicina, The genus Thiopedia is character- 
ised by the division of the cells in two directions of space, and by 
the consequent flat colonies. In the remaining species cell fiasion 
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occurs in one direction only. The Amosbohacier species are distin- 
guished by an amoeboid movement; those of Thiodidyon owe 
their name to the recticular conjugation of their spindle-shaped 
cells ; whilst Thiopólycoccua forms zooglcBa of dosely crowded coccL 
The genus Thiothece is distinguishable from all other sulphur 
bacteria by its particularly thick gelatinous sheath. 

A few remarks with regard to the properties of bacterio- 
purpurin will be opportune in this pláce. The difficulties in the 
way of preparing a quantity sufficient for the performance of a 
Chemical analysis háve not even yet been overcome ; consequently 
its chemical composition is still entirely undefíned, and we cannot 
yet say with certainty whether the colouring matter is the samé 
in all red sulphur bacteria. This is, however, assumed to be the 
čase, on the ground of the concordant results yielded in separate 
iiistances by chemical reactions, a few of which are now given. 
The pigment is insoluble in water or ether, but is soluble in cold 
alcohol (as found by Winogradsky in contradiction of Lankesteťs 
report). It is converted, by warming with water and by chloro- 
form, into a golden-brown compound, which is changed into 
brown by hot alcohol, hydrochloric acid or acetic acid ; whereas 
ammonia or caustic potash produces no visible change at lirst, but 
ňnally gradually develops a dirty shade of colour. Concentrated 
sulphuric acid changes the red almost instantly into a deep blue ; 
which afterwards gradually toneš into a brownish-green. This 
reaction resembles that set up by the samé acid with the lipo- 
chromes. Bacterio-purpurin is very quickly destroyed by oxidis- 
ing agents {e.g. dilute nitric acid or bromine water). Iron and 
manganese appear to favour its production, a conclusion deduced 
from the fact that the addition of the protosulphide of either of 
these metals to the medium results in a much stronger coloration 
of the cella The sensitiveness of bacterio-purpurin to chemical 
influences explains the varied change of tone produced in the 
colour in one and the samé cell under different extemal conditions, 
causing it to assume all shades, from pure viole t to purple, peach- 
blossoin red, rose, orange, brown-red, and brown. With regard to 
the spectrum of bacterio-purpurin, examined by Lankester, Warm- 
ing, and Engelmann, details háve already been given in § 92. 

The classifícation of the non-fílamentous sulphur bacteria, 
drawn up by Winogradsky and briefly outlined above, received an 
important extension by M. Jbgunow^s (III.) discovery that, in 
addition to the red species already described, certain colourless 
non-filamentous sulphur bacteria also occur in Nátuře. Two of 
these he subjected to a closer physiological examination, which 
will be referred to in the succeeding paragraph. The one of them, 
indicated as species o, occurs as slightly curved motile rods, their 
breadth varying from 1.4 to 2.3 /i, and the length between 4.5 
and 9 /x. For the second species, known as ^, the dimensions 
are 0.6-0.8 fi and 2.5-5 !*• respectively. 

VOL. I. 2 A 
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§ 202.— Physiology of the Sulphur Bacteria. 

The true nature of the rounded, highiy refractive enclosures 
present in these físsion fungi, and attracting the eye of the micio- 
scopist, was first recognised by Cramer, whose discoveríes are 
noticed in a treatise by C. MCli.er (I.). It w&a showu in these 
experiments that these granules behaved exactly like sulphur in 
presence of solvents, and they were therefore thought to consist of 
that element. F. C)ohn's (II.) extension of these investigatioiis 
(which were confined to Begjiatoa^ and were confírmed by J. 
Mayer-Ahrens) to the red sulphur bacteria as well, led to the 
samé result: ihe granules appearing in these coloured Schizo- 
myceteSf under certain — as yet undefined — conditions, are com» 
posed of pure sulphur. The term granules applied to these forms 
is unsuitable, inasmuch as they cunsist not of solid granular, but 
(as Winogradsky afterwards proved) of oily, amorphous sulphur, 
the greater part of which is soluble in CSg. However, when the 
enveloping cells are killed, the sulphur granules are gradually 
changed into the crystalliue modifícation of this element If a 
few Bef/giatoa threads rich in these droplets be immersed in 
concentrated piciic acid and left in water, a number of very fíne 
monoclinic prismatic plates and rhombic octahedra will be found 
in the threads after a lapse of twenty-four hours, and it will at 
the sanie time be noticeable that the growing crystals háve pene- 
trated the adjacent cell walls. 

F. Cohn was the fírst to investigate the origin of these intemal 
constituents, which occasionally fill the cell to such an extent as 
to exceed 90 per cent. of its weight. Starting from the fact that 
the sulphur bacteria are only found in abundance in iiatural watera 
containing sulphuretted hydrogen, and are, on the other hand, 
almost entirely lacking elsewhere in Nature, he came to the 
opinion that this gas is produced by the reducing action of these 
físsion fungi on the sulphates in the water, and that they subse- 
quently reoxidise the gas, sulphur being then left as a deposit in 
the cells. In forming this opinion he was chiefly influenced by 
the result of an investigation made by Lothar Meyer (L), who 
kept a sample of sulphur-spring water (rich in Beggiatoa) from 
Landeck in Silesia for four months in a stoppered ílask, and found 
that at the end of that time it contained fíve times as much-H2S 
as at íirst. The samé conclusion as deduced by Cohn was also 
arrived at by E. Plauchu (I.), and by A. Etard and L. Olivier 
(I.). This hypothesis, which credited the sulphur bacteria with 
both a reducing and an oxidising capacity, was first thoroughly 
investigated in 1886 by S. Winogradsky (VI.), who showed that 
the sulphur bacteria consnme (instead of producing) sulphuretted 
hydrogen ; oxidising it and storing up the separated sulphur in 
their cells. The amount of these enclosures in the cell is larger 
or smaller according as this process can be carried on with a 
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greater or lesser degree of vigour. It depends, therefore, on 
external conditions, and consequently cannot be relied on — as 
was doně previously by various observers : inter alia^ Winter in 
Rabenhorsťs ^^ Kryptogamen Flora*' and by Engler — as a character- 
istic for the differentiation of species. The sulphur does not 
permanently remain in the cells, but is oxidised by them to 
sulphuric acid, the latter being then absorbed by the carbonates — 
usually CaHo( 003)2 — in the water, and converted into sulphates. 

If these :Schizomycete8 are deprived of sulphuretted hydrogen 
for a long time, they consume their internal store of sulphur 
(which will be exhausted in twenty-four to forty-eight hours), 
and then perish of hunger. This fact demonstrates that the 
sulphur bacteria cannot permanently dispense with sulphuretted 
hydrogen, but that this gás is actually their speciál (and almost 
exclusive) source of energy. Sulphur, or rather its compound 
with hydrogen, plays the samé part towards these organisms as 
the carbohydrates do towards the majority of Schizcmiycetea ; its 
combustion liberates the energy necessary to the maintenance of 
their vitality. According to the observations of Winogradsky, 
the individual threads of Beggiatoa daily consume from two to 
four times their own weight of the gas. These Schizomycetes 
require but little other (organic) nutriment, and in fact will not 
stand very much. This explains, on the one hand, their unusu- 
ally slow rate of growth in proportion to the aniount of sulphur 
separated, and, on the other, their inability to grow in the ordinary 
nutrient media employed in bacteriology : e.g. on gelatin they 
perish in a very few minutes. Attempts to grow them as pure 
cultures on a large scale háve hitherto failed, and the physiological 
facts determined concerning them háve all had to be ascertained 
very laboriously by cultivating single organisms in sulphur-water 
on microscope slides. 

The optimum, úe, the maximum supportable, quantity of sul- 
phuretted hydrogen in the water is higher in the čase of the red 
sulphur bacteria than with the colourless, fílamentous species. 
These latter require less, and in fact die instantly if placed in 
water satiirated with the gas, whereas the red kinds will stand this 
degree of concentration very well. Consequently, under natural 
conditions^ these latter will gain the upper hand in Fuch places 
where large quantities of sulphuretted hydrogen are evolved, either 
as a result of the decomposition of an abundance of organic 
matters (albumin) or by the powerful reduction of sulphates. 
This is the cnse, for example, in the stagnant shallow bays on the 
Danish Zeeland coast, and the samé conditions obtain in the 
Limanes so plentiful along the coast of the Black Sea (e.g, near 
Odessa). These latter are shallow salt lakes, separated from the 
open sea merely by a low, narrow tongue of land. Their bottom 
is covered by a thick mud, which owes its black colour to the FeS 
thrown down from the iron compounds in the water (and in the 
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planta rotting therein) by the 8ulphuretted liydrogen geneimtod 
from sulphates by the reducing action of bacteria investigated by 
E. Brusilowskt (I.). The red sulphur bacteria are but rarelj 
found in minerál sulphur springs. According to Cohn, they hare 
been detected by Morren in the sulphur spring at Ougrée, on tha 
Maos; by Fontáne and Jaly, in that at Sales, in the Pyreneet; 
by Meneghini, in that of the Euganean Hills, near Padua ; and 
by Cohn himself in tliat of Tivoli, near Róme. 

The existence of the sulphur bacteria is often a very hard oney 
because it requires the siniultaneous presence and availability of 
two ^ases which neutralise one anothor and become converted into 
sulphur and water — 

IH2S + O = HsO + a 

80 that actually the surface of líquids wherein KJŘ is produoad 
in abundance by the activity of reducing bacteria becomes coatad 
with sulphur formed by purely chemical roeans, in accozdanea 
with the foregoing equation. Now, in order that the aulphor 
bacteria may be in a position to exert their powers of oxidaíi<Mi| 
it becomes necessary for them to inliabit certain strata of tha 
liquid between the limits where the oxygen can gain acceas from 
above and sulphuretted hydrogen reach thoni from below. If Uie 
liberation of the latter gas goes on briskly, this level risea, aad 
may ascend to the surfaco of the liquid ; otherwise it sinks and 
approaches the bottoin, where the sulphuretted hydrogen is genih 
rated. This change of feediug-ground cannot, however, be followed 
by all species of sulphur bacteria, since — just in the samé way aa 
has been explaiiied with regard to sulphuretted hydr(»geii — theaa 
organisnis are adapte<l to a certain tension of oxygen, which variea 
in the different species, t.e. tliey cannot stand the presence of more 
than a certain quantity per unit of volume of the liquid. In tba 
čase of oxygen, this tension is naturally greatest at the surface and 
fimallfr at greater depths. It will be eviďent that even the íluctua- 
tions of atinosplieiic pressuve will suffice to produce a change in 
the preiiominating species of a diversified niixture of sulphur bac- 
teria in their nátura I haunts. The samé applies to the rate at 
which the sulphuretted hydrogen is disengaged. 

For an instructive insight into these conditions we are indebted 
to the researches of M. Jegunow (I.) on the colourless non-íila- 
mcntous Ri)ecie8 referred to at the close of the last paragraph. As 
alrcady statcd, the hahitat of the sulphur bacteria is in those 
strata of the liquid where the oxygen from above comes into con- 
tact with the sulphuretted hydrogen from below. Atthis level the 
organisms congregate to form an assemblage visible to the naked 
eye, and which the above-named Russian physiologist termed the 
bacterial plane, the structure of which he examined minutely. He 
artifícially induced the processes going on in the Linianes to repeat 
themselves — so far as necessary to the purpose in view— on a 
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amall eaúo in lbe laboratury, hy i.iÍím.4iij{ a cevlaiii quantity of tlia 
black mu<t in suttablo vesselá contninini; nater, and tben leavjog 
the irhole to staiid imcovered. Wh vrill not go further into the 
mntter of tbe rtse und fall of tliti bauterial plane aa olwerved by 
him, becnuse Beverinok (t.) bad made Binulor expeniii<>nls Iwo 
yeara enrlier, and appbed to tbe pbenomenon ti term {BaMet-itn- 
Niwan) baviiig the samé sígnilicnnce as that ušed by Jegunow. 
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Tbe díacoveriea made by Jeounuw (II.) witb regard to tbe 
construction of this bacterial plane, in the čase of the organisma 
now in question, mnat, however, be eonsidered as novel. When 
cultivateJ in higber and broader, but ihinuer, sirata of liquid, the 
plane aasumes tbe form reproduced on a reduced scale in Fig. 79, 
i.e. the bacteria do not form a simple plane, but liecorae piled up 
in places into tuft-liko projectiona — each nbout 3-4 mm. long — 
fom of these being shown (enlarged) in Fig. So. Tbe examiaa- 
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tion of these tufts by the aid of a horizontál microscope show* 
that they are íormed by the inovement of thé individual bactería, 
in a manner similar to the gushing of a spring ; they descend in 
the axis of the tuft, and then describe an are in their retům to the 
plane. When inverted by the microscope this resemblance is still 
more striking; so that Jegunow has styled the planeš^' fountain 
planeš." The velocity of the individual cella he found to be 
0.02 mm. per second. In tracíng the chemical activity of the 
bacteria, he niade use of a simple and reliable reagent for sulphu- 
retted hydrogen : a fine (woollen oř similar) thread treated first with 
ferric chloride and then with ammonia, both in such a very dílute 
conditioii that the thread is stained merely a pale yellow. A glass 
weight is then attached to the thread and let down into the liquid, 
whereupon the lower part of the thread, as far as the summit of 
the tufts on the fountain plane, quickly turns black, from the 
formatiou of FeS. From that point oiiwards, however, the colour 
gradually changes to white. This ex|)eriment shows tliat in the 
summits of the tufts the sulphureited hydrogen arising from 
below is first oxidised to sulphur, and stored up in the cell, 
which convcys it to a higher level (the actual plane), and there 
oxidises it to sulphuríc acid. This acid then dissolves the ferric 
oxide on the upper part of the thread, which is consequently de- 
colorised at this levcl. The time occupied by the cells in making 
a single trip — and therefore also the total period required for the 
conversion of HgS into SO^ and tlie expulsion of the latter from 
the cell — was ascertained by Jegunow to be about five minutes. 

The importance of the sulphur bacteria in the economy of 
Nature is immistakable : in co-operation with the sulphate-reducing 
bacteria they ensure that the sulphur cycle pursues an uninter- 
rupted course, the element being taken up by the higher planta in 
the condition of sulphates, and deposited in the cells in the form 
of organic compounds, from which, in the course of putrefaction, 
it is liberated as sulphuretted hydrogen, and is finally then re- 
converted into sulphates by the sulphur bacteria and recommences 
its course through the higher plants. 



CHAPTER XXXVI. 

THE NITRIFYING BACTERIA. 

§ 203.— The Recogrnition of Nitriflcation as a Physio- 

logical Process. 

The nitrogen excreted f rom the animal body as urea has not, when 
converted into ammoniuin carbonate (see Chap. xxxii.), yet attained 
the fonn in which it is usually taken up by plants. Although it 
is indubitable that plants in generál can obtain their requirements 
of nitrogen from the ammonia salts, it is nevertheless certain — 
both as a result of manuring-experiments on the small scale and 
also from the experience of agricultnral practice — that the majority 
of cultivatcd plants absorb the element in question more rapidly 
and abundantly when it is ofifered them in the form of nitrates. 
In fact, for some of them, e.g. maize, buckwheat, and tobacco, 
JuL. Lehmann (I.) put forward the well-grounded assumption that 
they derive their nitrogen exclusively from nitrates. Here again 
Nature has made provision for the necessities of the čase by con- 
verting into nitrates the ammonia salts which — partly as a result 
of decomposition and partly as artifícial manures — find their way 
into the soil. 

This process, long known, and briefly termed nitriflcation^ was 
defined in 1846 — on the basis of an experiment by J. Duhas (II.) 
— as a purely chemical process of oxidation. This observer re- 
garded chalk as the intermediary facilitating the intimate com- 
bination of ammonia and atmospheric oxygen. Fifteen years later 
this rdle of " go-between " was ascribed by Millon (I.) to the porous 
humic bodies in the soil — a view that still remained destitute of 
any convincing proofs when revived in 1863 by Blondbau (II.). 

Ten years Tater other opinions began to arise. The first adverse 
Ijypothesis was expounded in 1873 by Alex. Múllbr (L), but 
was not based on any solid foundation, nor was it followed up any 
farther. Four years afterwards Schloesing and MOntz (I.), rely- 
ing on the results of their researches in this direction, hazarded 
the opinion that the formation of nitře in the soil is due to the 
vital activity of organised ferments (soil bacteria). In a siibsequent 
communication these two workers detailed some of the conditions 
requisite for the inception and course of nitrifícation. The opera- 
tion is almost stagnant below 5" C, but becomes apparent at 12** C, 
and attains its maximum at 37*" C. As the temperature rises still 
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higher the reaction becomes weaker, and ceases altogether at 55** O. 
It proceeds the more rapidly as the degree of moisture in the soil 
increases, provided aeration is not thereby impeded. A faintly 
alkaline reaction facilitates the progress of nitrification, whicb, 
moreover, may not always result in the production of nitrates, 
but at times does not extend beyond the formation of nitrite?^ 
especially at low temperatures (below 20" C.) and with a restricted 
admission of air. 

Both workers also endeavoured to obtain pure cultures of the 
organisms under investigation. The result of their endeavoura 
will not be judged too harshly when the existing lack of any 
reliable method of pure cultivation at that time is remembered. 
When the introduction of the Koch gelatin plate afforded a new 
appliance for this purpose, it was pressed into the service now 
under consideration by several workers, inter alia by Adametz (IX.) 
and A. B. Frank ; nevertheless, the result did not fulfil expecta- 
tions. The last-named German mycologist then contradicted the 
assumptions of the two French agricultural chemists, and cham- 
pioned the views held by Dumas. To this revival of an old 
hy po thesis we owe the production of a comprehensive work by 
H. Plath (I.), which is commended to the attention of the reader 
not only on account of the new discoveries it mentions, but also 
because the íirst part contains a collection — rich in information for 
the chemist — of all the then known methods for the production of 
nitric acid from ammonia by oxidation. In the second part of 
this treatise it was stated, on the basis of new experimente, that 
completely sterilised soil no longer possesses the faculty of con- 
verting ammonia into nitric acid. It was furthermore shown that^ 
when organisms are entirely excluded, neither the soil as a whole, 
nor any one of its constituents, is capable of transforming ammonia 
into nitric or nitrous acid by occluding atmospheric oxygen. A 
re-examination of this work by H. Landolt (I.), who undertook 
the task in consequence of an objection raised by A. B. Frank (IX. ), 
led to a complete confírmation of Plath^s discovery on all pointa. 
It was thus ascertained (in 1888) by the exclusion method that 
in the oxidation procese now imder our notice the role of oxygen- 
carrier is played by living organisms, and that consequently nitri- 
fication is a physiological process. 

§ 204.— Nitroso-Bacteria and Nitro-Bacteria. 

The discovery and closer investigation of these imknown organ- 
isme was shortly afterwards efifected by S. Winogbadbky (VIL). 
It is not surprising that their preparation as pure cultures was bo 
long delayed, when we remember that these bacteria do not thrive 
on media rich in organic nutrient substances. The above-named 
Russian physiologist successfully employed for this purpoae the 
gelatinous inorganic substance, viz., precipitated silica, recom- 
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mended by W. KOhnb (L). When prepared by precípitation 
from water-glass (alkali silícate) by hydrochloric acid, and purifíed 
by dialysis, concentrated by boiling, and then sterilised in the 
Bteamer, this silica forms a vitreous mucinous mass. This is then 
incorporated with a sterilised solution oí the sulphates of potash, 
magnesia, ammonia, and carbonate of soda, inoculated with the 
bacterial sample. These salts cause the silica to set, so that 
the germs in the sowing are fíxed separately, and thus may be 
kept apartj even when they háve developed into colonies. In 
this manner Winogradsky primaríly succeeded in obtaining cul- 
tures of assured purity, by means of which he was enabled to 
arrive at conclusions unattainable by the fractional sowings and 
dilution mothod employed by previous workers, e,g, W. Heraeus 
(I.), P. Frankland (IIL), and R. Warington (III. )• 

One of the weightiest of these results is the fact determined 
by Winogradsky (VIII.) that the numerons species of the group 
of nitrifying bacteria are classifiable into two sharply-divided sub- 
groups : nitroso-bacteria and nitro-bacteria. 

The nitroso-bacteria oxidise ammonia to nitrous acid, in 
accordance with the equation — 

(NH4)20 + sOíž = NaOj + 4HaO, 

but no farther. For this reason nitrites are not altered by these 
bacteria. 

On the other hand, the nitro-bacteria lack the faculty of 
attacking ammonia, but perform the task of converting nitrous 
acid into nitric acid, in accordance with the equation-— 

^N = O ^N - g 

As is apparent from this equation, their powers differ from that 
of the nitroso-bacteria, inasmuch as the latter convert the pentava- 
lent nitrogen of ammonia into the trivalent nitrogen of nitrous 
acid^ whilst the nitro-bacteria re-convert the element into the 
pentad condition. 

It is evident that these oxidation processes can be effected only 
in the presence of bases which také up the acids with which the 
ammonia was initially combined, and also neutralise the resulting 
nitrous or nitric acid — thus protecting the bacteria from injury 
from this source. This task is excellently performed in the soil 
by calcium carbonate. The favourable influence exercised on the 
course of nitrifícation by the presence of this salt is therefore 
readily explainable without dragging in any hypothesis about the 
condensation of oxygen. Free alkali is unsuitable here for the 
fíxation of the acids, since the presence of this reagent in quantity 
would be injurious to the bacteria. In artificial cultures calcium 
carbonate can be replaced by magnesium carbonate, a practice 
adopted by Winogradsky. 
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§ 205.— Nitrosomonas and Nitrosococcus. 

Two main types of nitroso-bacteria can be differentiaied in 
consequence of the results of existing investigations. One of them 
(in several species) is found in all the soUs of the Old World 
(Europe, Asia, Africa) hitherto examined, and is known as 
Nitroaomonas, The second is peculiar to the soil of the two 
remaining continents, and has received the name of Nitrosococetu. 
The individual organisms of the first-named tjpe are each provided 
with a single cilium, and exhibit powers of locomotion which are 
manifested at an early stage in the cnltures and cause these to 
become decidedly opalescent. Subsequently the cells become 
quiescent and coUect as zooglcea, which rest in the form of greyish 
gelatinous clouds on the carbonate at the bottom of the liquid. 
We will describe this (Nitrosomvnas) genus first. 

Only a single 8i)ecies of nitroso-bacteríum has been discovered 
in European soils, viz., Nitrosomonas europfjea. At the opalescent 
stage of the cul ture this organism appears as brískly motile cells 
(fítted with a short íiagellum) in the shape of short rods i. 2-1.8 /x 
long and 0.9-1.0 /x broad. The cells of Nitrosomonas javanica^ 
cultivated from the soil of the Botanical Garden at Buitenzorg, 
near Batavia, are globular, and only attain a diameter of 0.5-0.6 ft, 
but their flagellum is very long — as much as 30 fi. The Nitroso- 
monas japonica^ found in soil from Tokio, is — like the Nitrosomonas 
africana, isolated from samples of soil from Tunis and from La 
Reghaía, in Algeria — very similar to the European species, only 
somewhat smaller. 

Differing from these species are those of the genus Nitroso- 
coccuSy found in South American and Australian soils. They do 
not form zoogloea, neither are they ciliated. That obtained from 
Quito (Ecuador) is a coccus 1.5-1.7 /x in diameter. A similar 
species, except in point of size, is the Nitrosococcus WasHiensis, 
obtained as a pure culture from the soil of Campinas (Brazil), and 
attaining a diameter of 2 /x ; and the species grown from Melbourne 
soil is undistinguishable from this latter. The nitroso-bacteria 
are, as observed by Winogradsky (IX.), very susceptible to 
desiccation, and consequently the amount of such organisms in 
the soil decreases as drying progresses. They are almost entirely 
lacking in the air. 

§ 206.— The Nitro-Bacteria 

dififer from the species already described, not only from a chemico- 
physiological, but also from a morphological point of view, being 
smaller and more slender. The cells are an elongated oval, mostly 
pear-shaped, 0.5 /jl in length and 0.15-0.25 fi in breadth, and are 
therefore among the smallest of all known organisms. In liquid 
cultures they develop and congregate to form a thin, mucinoui 
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skin adhering fíniily to the walls of the vessel. Compared wiih 
their powerful oxidising action, the vegetative development of 
these organisms is astonishingly sHght. Spore formation has not 
been found either iu these or in the nitroso-bacteria ; and up to 
the present no subdivision of the genud Nitrohacier into species 
li as been niade. 

BuRRi and Stutzbr (III.) in 1895 obtained from Hanoverian 
soil a nitro-bacterium which they assert will thrive both on nutrient 
gelatin and in bouillon, but (so it is said) exhibits no nitrifying 
action in nutrient media of this kind, as a rule, and, indeed, loses 
this power entirely, so that when re-transferred into minerál nut- 
rient Solutions it does not attack the nitrites placed at its disposaL 
A careful examination of such a cul ture, obtained direct from the 
above-named chemists, was made in 1896 by S. Winogradskt (X.), 
who showed that the alleged pure cul ture contained, not only the 
nitro-bacterium, but also three other species of (saprophytic) bac- 
teria which tlirive well in bouillon, a medium in which the nitro- 
bacterium will not grow. Winogradsky^s treatise is repommended 
to the reader, more particularly because it mentions numerous 
contingencies likely to arise in working, and render of no avail 
the trouble bestowed on the nitrifying bacteria by the bacteri- 
ologist. Furthermore, he gives a new recipe for a medium for the 
pure cultivation of nitro-bacteria, more convenient in use than 
gelatinous sil í ca, viz., nitrite agar-agar, i.e, a minerál solution con- 
taining nitrites and qualifíed by 1.5 per cent of agar- agar. 

If the amount of nitrogen oxidised per unit of time be taken 
as the standard for measuring the chemical energy of these organ- 
isms, then — as Winogradsky ascertained by comparative investiga- 
tions — the nitroso-bacteria will be found the more active of the two. 
From this fact it is permissible to draw the further deduction that 
the conversion of the tri valen t nitrogen of nitrous acid into penta- 
valent nitric nitrogen requires the expenditure of a greater amount 
of internal force than is needed for the converse operation in the 
oxidation of ammonia to nitrous acid. 

Both nitroso- and nitro-bacteria are always present in the soil, 
the second type of organiem immediately oxidising the nitrous 
acid generated (from ammonia salts) by the first. Whether nitri- 
fication begins already in the dung-heap, or has its first inception 
in the field, is dependent on various circumstances. It will proceed 
whenever a sufficient quantity of ammonia salts has been produced 
by the fermentation of urea, provided air has ready access. Thus, 
H. Immbndorpf (III.) showed that in the outer layers of manure 
heaps (especially horse-dung), the production of nitrous acid will set 
in briskly in a few days. There are ample reasons why the formation 
of the easily lixiviable nitrates, which may, moreover, exposé the 
materials to wasteful reduction processes, should be prevented in the 
manure heap. On this account endeavours should be made to mini- 
mise the aération of the manure by battening the heaps well down. 
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§ 207.— Assimilation in the Dark. 

The incapacity (recorded in § 204) of the nitrifying bacteria 
to grow on nutríent gelatin is, in the main, attributable to their 
generál distaste for organic nutríment, a peculiarity noted bj 
MuNRO (I.) in 1886. The f»maller the quantity of organic food 
present, the more energetically do growth and oxidation proceed ; 
and the latter effect is most powerful in solutions containing 
exciusively inorganic matters. For nitroso-bacteria Winogradsky 
recommends a mixture of 2-2.5 g^^s of ammonium sulphate, 
2 grams of common salt, and a sufficient quantity of magnesium 
carbonate per litre of well-water. For nitro-bacteria the ammonia 
salt is replaced by sodium nitrite. 

When such a nutrient solution containing solely inorganic 
matters is inoculated with a few nitroso- or nitro-bacteria, energetic 
oxidation occurs, accompanied — as was řirst brought into notice by 
W. Heraeus (I.) in 1886 — by a rapid reproduction of the bacteria. 
When development is concluded, and the available quantity of 
ammonia or nitrite oxidised, then the bacterium crop grown in 
this manner contains a certain quantity of organic matter, the 
carbon of which has been exciusively derived from inorganic 
sources — in this čase carbon dioxide. The aniount was ascer- 
tained by Winogradsky, by four quantitative aiialyses, as 0.020- 
0.022 gram per 100 c.c. of liquid. Consequently the nitroso- and 
nitro-bacteria are able to abstract from carbon dioxide, in the 
absence of light, the carbon necessary for the construction of 
their cells, and are therefore able to assimilate carbon dioxide 
in the dark. 

Two sources of carbon dioxide are available to the nitrifying 
bacteria. One of them is the carbonate present in the nutríent 
solution (or soil), and which is also necessary for other reasons 
already given in § 204. According to Winogradsky, this car- 
bonate supplies carbon to the newly-formed bacteria, which are 
assumed to decompose it by means of the acids they produce, and 
then utilise the carbon in the construction of new cells. He 
considers that the function of these organisms is to liberate and 
restore into generál circulation the carbon that, by any means, 
has been converted into carbonates, and so withdrawn therefrom. 
On the other hand, E. Godlewski (I.) showed that it is chiefly 
from the atmosphere thnt the carbon dioxide requisite for the 
construction of new cellular substance is derived. He found that 
development did not occur in cultures containing magnesium car- 
bonate when only air free from carbon dioxide was admitted. 
Now the atmosphere contains not only carbon dioxide, oxygen, 
and water, but also ammonium carbonate, with which substances 
the nutrient requirements — ash constituents apart — of the nitri- 
fying bactería are satisfíed. These organisms will therefore be 
''ble to develop in places where there is nothing present but bare 
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rock, the cracks and iissures of which afford them a shelter agaiiist 
the desiccating action of the winds. In fact, it was in such arid 
places that A. MOntz (I.) constantly found nitrifying bacteria. 
It can veiy easily be shown that friable ("rotten") stone, especi- 
ally that from the Faulhorn, is thickly impregnated with these 
organisms. 

In order that the carbon of the carbon dioxide may be prepared 
for its ultimate purpose, it must Hrst be freed froni the two attached 
atonis of oxygen. In green plants the force requisite for this }>ur- 
pose is supplied by the thermal power of the sun'8 rays ; but in 
the nitrifying bacteria, which also assimilate in the dark, it is the 
energy liberated during the oxidation of nitrogen that effects the 
dissocíation of the carbon dioxide molecule. Consequently, the 
assimilation of carbon is dependent on the oxidation of nitrogen, 
a fact quantitatively proved by Winogradsky. According to this 
authority, about 35 m.grms. of nitrogen are oxidised for each milli- 
gram of carbon as?imilaťed, the atomic ratio being — 

O : N = I : 3a 

More accurate knowledge of the progress of this assimilation 
— especially on the thermo-cheniical side of the question — is at pre- 
sent lacking. F. Hueppb (VIIL) and O. Lobw (V.) constructed 
equations to represent the changes occurring in the reaction, but 
these can raerely be alluded to here. Godlewski ascertained that 
by no means the whole of the ammoniacal nitrogen eliminated 
during the nitrification is recovered as nitrous or nitric acid, but 
that a portion is liberated in its elementary condition, and escapes 
from the solution undergoing nitrification. It may be opined that 
this loss is nut inimediately connected with the action of the nitri- 
fying bacteria, but is only an associated phenomenon produced 
by the reaction of the NgOg on the stiU undecomposed NHg, in 
accordance with the equation — 

NaOs + 2NHs = sHaO + 2Na. 

The reason for this is that the nitrous acid liberated does not in 
every part of the liquid come into immediate contact with the car- 
bonate which would protéct it from the action of the ammonia. 

§ 208.— Wall-Saltpetre and Plantation-Saltpetre. 

The particulars already given of the life-conditions of the 
nitrifying bacteria wiU explain the origin of wall-saltpetre, i,e, the 
corroding efflorescence of saltpetre on masonry. This substance is 
a white snow-like mass, consisting príncipally of crystals of calcium 
nitráte, and occurring with particular frequency on the walls of 
stables and closets. It is precisely in such places that the físsion 
fungi under discussion fínd an abundance of the food-stufifs they 
require : the ammonia salt is supplied by the urea absorbed by and 
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hydrated in the walla ; calcium carboaate and a littie alkali s 
present ín the brickwotk, aiid there U no Jack of tlie necessary 
oxygen. Cotjseqiiently all tise preliminary conditions favouring 
the aL'tivity of the aitrifyin^' bacteria intioduced tn dust, i&c, 
are fulfiiled. However welcomb thia activity may be when re- 
atricted to the soil, it is entitely undesirabie in hrickwork, th» 
latter beitig gtadually corrodťd and rendered hrittle by ihe cakium 
nitráte produced. Sprínklíng the walls with powerful antÍBeptic^ 
Buoh as antinonnin, may, iiowever, afford a remedy. That the 
phenoraenon ia leally due to the nitrifying bacteria hoa been jiroved VI 
by the reseanhea of O. Helm (II.) and G. Toloiiei (IL). 

A few worda must olao be deroted to the ealtpetre plantaCions. 
Sinte the discovery of the South American deposita of nitráte ot 
soda, wbich aubatance can be converted into saltpelre by treatment 
with potasaiuin salta, the productiou of plantation-aaltpetre has 
decreased. It will, however, come to the front again wheneTSt 
the Chilian beds are exijausted, In fact, the production of siilt- 
petre for ngi'ioultural puiposea by thia raethod is even now worthy 
of i;onsideration. The qirantity of Chili saltpetre imported by 
European coimtries ia very considerable, and large aums of money 
are unuualiy disbursed to South America wbich might be retained 
by producing the saUpetre at honie. The acconiplishment of this 
praject uecBssitates a searching inveetigatioii of all the coDi<itÍona 
of nitrification. in order to ascertain how thn reaction may be 
auitably controlled. The resalt would be that, instead of uaing 
expenaive foreign nitráte, the groiind would be raanured with chesp 
Bulphaie of ammonia, now formed as a waate product in home gas- 
worka and coke-factories, and put upon the market in coiistantly 
increasing quantities. The coiiaequcnt freedom from the hands of 
Chilian apeculatora would be a great gain from the point of view 
of national economy. Moreover, this nietliod of manuring preaents 
another advantage from the standpoint of the a;,TÍciiltunU econo- 
miat. As is well known, the íoÍI has no power of jixing nitrates, 
a certain portion of the ailded saltpetre inv.iriably — as P. Droékaik 
(III. and IV.) and othera háve shown — escaping in the drainage- 
water, so that more has to be ndded to the soil than is recovered 
in the crop. Thia diaadvantage does not attach to manuring with 
salts of aumoDÍa, since tbey are fixed by the soil and protected 
from wasteful lixiviation, the nitrifying bacteria then oxidiaing the 
ammonia and aupplying the plant with nitratea according to it* 
require menta. 

So far aa planta tion-saltpe tře ia concerned, the extemal con- 
ditions favouring the rapid formation of this compound hnve beea 
gradually ascertuined by meana of tentative expeňmenta. A pyra- 
midal hcap, resting on an impervious clay foundation, ia prepared 
by niixing cbalky eoil with various kinds of organic matter, and 
ia frequently watered with liquid manure, an ailmixture of brush- 
wood in the heap imparting poroaity aTid facilitating aěration. The 
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nitrates, &c, formed in the interior appear — like wall-saltpetre — 
on the surface of the mass, and gradually increase to form a crust 
which is richer in nitrátem than the interior of the heap. The 
crude lye obtained therefrom by lixiviation is treated by adding a 
potassium salt in order to convert the nitrates of calcium, mag- 
nesium, and sodium into potassium nitráte, the crude saltpetre 
thus produced beiog then purified in reíineries. 

The elucidation of the optimum external conditions for in- 
fiuencing nitrifícation has been attempted by numerous investi- 
gators, and a few of their results will now be given. J. Dxjmont 
and J. Crochetelle (II. and UL) found that the chlorídes of 
potassium and calcium injuriou^ly affect nitrification, whereas 
the carbonates of these metals, and also potassium stdphate, act 
benefícially. From what has already been stated it will be evident 
that the merely faint (or altogether inoperative) activity of the 
nitrifying bacteria in soils poor in calcium carbonate {e.g, sour 
meadow-land) can be stimulated by the addition of the said car- 
bonate. On this point a few experiments háve been made by 
J. DuMONT and J. Crochbtbllb (I.). The kind of acid with 
which the ammonia is combined must not be regarded as unim- 
portant, Hueppe and Winogradsky having noticed that — as after- 
wards shown by the sjjecial experiments of O. Lobw (VI.) — 
nitrifying bacteria do not attack ammonium formáte at all, and 
that the oxalate is acted upon only very imperfectly, and with 
great difl&culty. 



CHAPTER XXXVII. 

ACETIC FERMENTATION. 

S 209,— Dlscovery of the Acetic Acid Bacteria. 

If beer, wine, oř other simiUr alcoholic liquids, are left to stand 
exposed to tLe air, they will, at the eud of a few days, become 
covered with a tough, mucinous (usually smooth) skiu oř film. 
The alcohol gradually disappeara, and, in approximately the samé 
Tatio, the presence of acetic acid niakes itaelf evtdent : the beer, 
&c, Í8 converted into vinegar. It has been known from the 
earliest timea that an unsoured eanjple of beer, wine, oř the Uke 
can be quickly turned into vinegar by the addition of a smalI 
quantity of such skin. This latter waa regarded as the carríer of 
the vinegar fermentatioa, and conaequently received the name of 
"mother of vinoKar" (Fr. mire tle vinai^e, Ger. £ssigmutíer). 
The first botanical inveatigation of this substance waa made in 
1822 by Pkrsooi; (I.), who descrihed the organised skin develop- 
ing on varioua liquids, and gave it the generál name of Myco- 
derTiia, i.e. mucinous akin oř fungoid akin, but nevěr contemplated 
the existence of any direct connection between acetic fermentation 
and the development of such a structure. 

This waa reserved for the German algologjst Fr. KOrziKQ (I,), 
In his treatise on this aubject, publiahed in 1837, he showed, 
witbout, api>arently, being acquaiuted with the labouis of hiB 
predeeessor — that the " mother of vinegar " ia constructed of & 
number of minuté dot-like organisms (which we now call bacteria), 
arranged together in tbe forni of cbains. These be clasaíSed aa 
algee, and named them Ulvina uceíi, and nsserted quite positively 
that alcohol ia converted into acetic acid by tbe vital activity oť 
these organisms. 

Ktitzing's results, however, attracted but little notice, beoause, 
two years aft«r their publicatiou, Liebjo (III.) appeared on tks 
scene witb bia tbeory of acetic fermentation (which will be de- 
scribed in a aubaequent paragraph), in which no mentiou was 
made of the potency of living organisme, but tlie " mother of 
vinegar " waa asserted to be a formation devoid of life : a atruc- 
turoless precipitat« of albuminous matter. Oiily one of the 
reasons put forward by the German cheniist in support o£ thia 
view, which he atubbornly upbeld, will be mentioned bere, and 
that merely as a curiosity. The Putch chemist, G. Muldkb (III.), 
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celebrated as a chemical expert on wine, subjected the " mother 
of vinegar" to chemical analysis, and, because he failed to dis- 
cover the presence of any ash constituents, thought that it must 
be regarded as a compound of protein and cellulose. Muldeťs 
statement was refuted in 1852 by R. Thomson (L), who showed 
that a sample (biit by no means a pure culture) of "mother of 
vinegar" contained 94.53 per cent. water, 5.134 per cent organic 
matter, and 0.336 per cent. ash. 

The ditfusion of new light on this matter was reserved for 
Pasteur (XIII.). Taking up anew the question of the origin of 
acetic fermentation — examined by Kiitzing merely from the purely 
botanical side, and that only cursorily — he controverted the 
opinions of the chemists, and proved, in 1864, that this fermen- 
tation also is a physiological process, whose inception and main- 
tenance is bound up with the vital activity of minuté fungoid 
organisms, to which he applied the specifíc name Mycoderma 
ac^tif first employed by Thomson. Of course, at that time, 
Pasteur (XIV.) was not in a position to prepare or use pure 
cultures, consequently the results of his experiments cannot now 
be credited with more than the single value of having unim- 
peachably proved the dependence of acetic fermentation on 
the vital activity of cerbain micro-organisma Pasteur did not 
determine to what group of living organisms Mycoderma aceti 
belongs, the botanical, and especially the morphological side of 
the question conceming him but little ; only, in one pláce in 
his treatise, he states that he cannot regard the organism as a 
bacterium, as was doně by Stack in 1863. Nevertheless, we, at 
the present day, must agree with the opinion of the last-named : 
the cause of acetic fermentation studied and described by Pasteur 
can only háve been a físsion fungus. 

The property of forming mucinous skins on the surface of 
liquids is not pecidiar to the acetic acid bacteria alone, but, on the 
contrary, is a very generál vital phenomenon among fungi. It is 
particularly noticeable among a group (which will be considered 
in the second volume) of budding fungi, which háve been named, 
according to the nature of the medium in which they are found, 
Mycoderma cerevisice, Mycoderma vini (Fr. fieur de la biěre and 
Jteur du vin respectively). Pasteur denied that any of these skin- 
forming budding fungi háve the power of producing acetic acid, 
but the author refuted this opinion by proving, in 1893, the 
existence of at leaat one such species endowed with this faculty. 
More particulars conceming this will be given in one of the chap- 
ters of the second volume. At present we are only concemed with 
the fact that acetic fermentation is a vital manifestation not 
peculiar to ňssion fungi alone. 
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§ 210.— Morphology of the Acetic Acid Bacteria. 

Strictly specJcing, Pasteur^s publication did not advance our 
knowledge of the morphology of the organisrns in question beyond 
the discoveries made by Kutzing ; and the čase remained in státu 
quo for another fifteen years, until taken up by Emil Christian 
Hansen, whose researches on the acetic acid bacteria not only 
threw new light upon the organisms themselves, but were also— 
and that in a duál sense — important to the subject of Fermentation 
Physiology generally. 

Until then the opinion was current that any given fermenta- 
tion was carried through by merely a single species of ferment. 
Hansen (VI.), however, showed in 1878 that, in the spontaneons 
souríng of beer at least two diíferent species of bactería can come 
into action, one of which he named Mycodenna aceti and the 
ether Mycoderma Pasteunanuiny in honour of his predecessor. At 
the suggestion of W. Zopf he afterwards changed these names 
to Bacíerium aceti and Bacterium Pasteurianum respcctively. 
This important discovery was subsequently extended, partly by 
Hanben (VIL) himself — who afterwards introduced into the litera- 
tuře of the subject a third species imder the name of Bacterium 
KiUzingianum — and partly by A. J. Brown (I.), W. Peters (L), 
A. Zeidler (L), Wermischeff (I.) and the author. Of all these 
species, only those described by Hansen háve been thoroughly 
investigated morphologically, and for this reason they alone will 
be more dosely considered in the folio wing lineš. 

When inoculated into lager-beer or the so-called " doppel-bier " 
— a Dauish high fermentation beer rich in extract and poor in 
alcohol — and kept at a temperature of about 34" C, these three 
species — provided air is freely admitted — will develop on the 
surface of the beer (which remains bright) to a pellicle within 
twenty-four hours. In the čase of B, aceti, this skin is moist 
and mucinous, smooth and veined, but in B. PasteuHanum is, 
on the other band, dry, and soon develops fine implications. 
That of B. KiUzingianum resembles the first species, but differs 
therefrom in raising itself high above the surface of the liquid 
by gradually climbing up the walls of the vessel. Fresh differ- 
ences make their appearance when a small portion of the skin is 
examined under the microscope. Whilst the cells of B, KiUzing- 
ianum are, for the most part, single, and are only rarely seen joined 
together as chains, those of the other two sj)ecie8 are seldom found 
as separate cells. The cells of B. aceti (Fig. 81) are somewhat 
more slcnder, and frequently exhibit the sand-^jlass or figuře 8 
form ("ew huit") noticed by Pasteur. In B, Pasfeurianum 
(Fig. 82) they are mostly rather longer and considerably broader 
(plumper) than those of the other two species. 

These bacterial pellicles are true zoogloea, i.e, the individua] 
cells are attached together by a mucinous envelope, formed by the 
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anelling and mutual fusion of the extemal layers of the cell 
membranee, in which tlie cells then become embedded. In otdi- 
Daiy (unstained) preparations tha presence of this envelope is 
only deducible from the mutual coheaion of the cella ; it oan, 
however, be rendered visible by Buitable treating and staining, «.£;. 
by Loeffieťs method. Fig. S (p. 40) waa drawn from a preparation 
of thÍ8 kind. 

The behariour of the mucinouH envelopes of these three 
species towaids iodine solution (iodine in watet ot alcohol or 
potassium iudide) is worthy of notice ; those of B. Pasteuriaaum 




and B. KiUzinoianum are theroby stained Wiie, whilst that of B. 
oceli remaina unaltered. The point must be emphasised that it ia 
the mucinous envelopea and not the true cell membranes that are 
stained in thia manner. The cell plasma ia iu all three cases 
coloured yellow, consequently the preparations all exhibit yellow 
cells after the iodine treatment, these cells being embedded in the 
caae of B. aceti in a colourless matriíc. In B. Pasteurianwn and 
B. Kiiizingianum this lattet is blue, and to the unaided eye 
the appearance of the whole varies from green to bluiah-green, 
according to the proportion of the matríx. It was this difference 
in the beliaviour of the mucinous envelopes— which, bowever, is 
noticeable only in young and vígorous pellicles — that firat diiected 



388 



ACETIC FlEMENTATIOK 



I 



the attentiou of Hanseii to the exÍ8teaL'e of two species o[ acetic ' 
auid bacteria. The chemícal composition of the euvelope lias 
not jet been determined, but that it is not celluloae must be 
concluded from the negative reaulte obtained from the teste lUftde 
with vaňoua reagents (iodosulpburic acid, linc iodochloride) for 
that EubEtance. Already in this characterístic tliese three species 
differ from the acetic acid bacteríum introduced into the literatuře 
of the aubject by A. J. Brown imder the name of Bacteňum 
xylinum. The tough, leathery skin of íoogloea (meaauring i 
much as one indi in thickness), formed by this bacterium on ti 
Eiirfoce of the nutrient aolution, and generally known in England 
as the Tlaegar-plant, consista priiicipally of the extensively de- 
veloped luueinous envelope of the cella. If the contente 
extracted by euitable means, a mnas is left which answers to the 
cetlulose reactions {e.g. solubility iu ammoniacal copper oxide) and | 
011 ultiniate analyate oxhibits a composition agreeing with the 
fonnula (C^Hk^Os)^ 

Moreover, the three Hansen apecies dilfer notably in tho 
appearance and developinent of their colonies, prepared by the 
transference of droplets (rich in cells) from a pure cul ture 
gtown at zj" C. on to solid nutrient media (wort gelatin or 
doppel-bier golatin). Thoae from B. oceli assume the form of ' 
ezceedingly pretty, niany-rayed stará oř rosettes ; those from 1 
Pasteurianum háve an almoat perfectly smooth periphery (without 
dentationa) and exhibit convolutiona of the surfaca reaembling 
thoae of lbe brain ; whilst those of B. Kiitziniiianum are reodily 
recogniaable by the absence of both the steílar fomi and t 
Toiutions. 



§ 211. — The Moppholoffical Influence of Teraperature. 

Han3en'B reaearches into tlie acetic acid bacteria alao afford an 
iniportant support to the theory of bacterial pleomorphism, as 
will now be shown. The cell forms desi:ribed and illuatrated in 
the provioua paragraph are not the oniy onea aasumed by the 
fission fungi under consideralion. On the contrary, the pleomor- 
phic variationa are exceedingly plentiful, thoiigh thoy may all 
be grouped under three main types, viz., chains of short rods (as 
already descnbed), long thrsadB, and, finally, dlBtended or bul^ed 
forma. The conditions ascertained by HÁssen (VII,) as influ- 
enoing the developnient of one of these forms, ita gradual conver- 
sJůQ into the others, and, finally, ita restoratton to tiie originál 
shape, will now be briefiy referred to. It must be premised that 
the minimum limit of temperature at which development can 
proceed is for B. aceii, 4*-5° C. ; for B. Pasteiirianum, $'-6' C. ; 
and for B. Kutzingianum, 6'-i' C., tlie maximum being sbout 
42" C, and the optimum temperature about 34° C. 

Cultuies of Bacteria Fasleurianum on doppel-bier liave shown 
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FlG. 84.— Bacteritim Pasteurianum. 

Morphological change írom short rods to long threads. Cnlture on *' doppel-bier " agar-agmr in a 
Bottcher chamber at about 40.5" C. a. chaln of eight ahort rods ; ď-ď". the samé after tlx, 
ten, and twenty houn ; 6. chain of flve short rods ; 6'-6". the samé after flve and nine 
hours ; c and d. after ten and twenty-one hoars. Magn. xooo. (After Hansen.) 




Fio. 85.— Bacterium PaBtenrianum. 

Long threads dereloped by twenty-fonr hours' cnltivation at 40.5" C on " doppel-bier. 

Magn. tooa (After Hatuen) 
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short rods then Imving the ordinary form andbeing filled wíth 
fimi, slightly lustrous plasma. 

If a sniall portioii of such n skin, cultivated at 34° C, ba . 
transferred to a freah nuttient medium, and maintained at ' 
40 '-40.5° C„ a morphological alteration of tlie cella (Fig. 84) 
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occurs, and is already noticeable al the euil of a few hours, The 
short rods, about z fí long aiid i /x broad, of whicli the chúns of 
the seed were coniposed, bej^ti to elongnte, aad at tbe eud of 
ei({ht to nirie houra iione but long rods are found, somc of thoBo 
bcing already discoDoected, others etili Tetaíaiog the cbain form. 
The latter also finally become diamembered, ao lhát after a furthei 
four hours none but elougated cella, 40 /i and more in langth, are 
present. These now continue to grow, and in twenty-four hours 
írora the co mmen cement of the experiment long tbreads (Fig. 85), 
some of tliein measuring 
aoo fí in length, are found 
exciuaively. 

A fresh mmli&catioti 
of form aeta in as aoon 
as these long tlireads are 
exiKiscd to the originál 
teniperature of 34° C. — 
tliey begin to bnlce. 
Tbeae forma (Fig. 86) 
cau be already noticed at 
the end of four hours, ' 
and their number rapidly 
increaaes from tliat time 
oDward. At about the 
siime time other portioi 
of the thrcada begin to 
break up into fragmenty 
the diaruption beginuing I 
indifferentty at eithet c 
hoth tbe extremities, or ' 

middle of the 
thread, which is thiu 
modified into a chain of 
ahort rods, or one exhibit- , 
iitg both long roda, ud- 
altered portions of threadf^ 
and hulged articulationa ; 
in ahort, great diveraity 1 
prevaila. Ali intermediate stngea of the last-named forma, between [ 
tbe very frequent spindle cells on the one band, nnd pear-shaped 
Tounded f orms on the otlier, are met witli. Globular cella, measuring 
up to lo lí in diametar, are alao by no moans rare, 

Finally, the threads become entirely diamembered into ahort I 
rods (Fig. 87), cven the hulged cells undergoing this conversíon, ] 
and leaving only the thickest portion (Fig. 88) uucbanged. This 1 
portion eventually, after the fiíamentous ends on either side háve I 
broken up iuto short roda, collapses in tbe surrounding liquid and ,j 
dissolves, An examination made after the lapae of twenty-foa 
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Tio. 88.— Baolcrlura P»teiiri»iiuii 

eildiio ol snoUen Igiie thrmda sfur a 

Ju a tbe pear^upěd BweUfiiff hi 
Dut into two tbln ttireadi. In o u . 

Uie&a hu dLvlded Into ihort rodí. ..._ 

■weUtng hu began lo dlilatšgnte, a part ot 
tbe plaunil ssU odntenU eicaplng. lu d lbe 
flvuii»tlnn <• minnlete, od]; the Uilck csll 
■pindle-^ 
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hours then reveals only chains of short roda We háve tlius induced 
a reversion to the originál forms of cell, and háve thereby learned 
the morpliological inflnence of temperatnre. Of course, neither 
the composition of the nutrient medium nor the condition of 
the seed is a matter of indifference. Thus, for instance, if, 
instead of sowing the young cells presupposed in the foregoing 
demonstration, those already forty-eight hours old are employed, 
then the conversion into long threads becomes very difficult. 
In the čase of lager-beer the development proceeds somewhat 




Fio. 89.— Bacterium acet!. 

Jjonj; threads. Ciilture tweuty-four houn old in '• doppel-bier " at 4o''-4o. 5* C. In seyeral 
places the breadth of the threads is exaggerated. Magn. 1000. {A/Ur Haiuen.) 

differently to that occurring in the "doppel-bier" hitherto 
mentioned. 

Bacterium aceti and B, KiUzingianum behave very similarly 
under the circumstances now in question. A few smál I diífer- 
ences are, however, unmistakably evident. Thus, for instance, 
in harmony with the plumper form of the short rods of B. Pas- 
teunanuin, the breadth of its long threads is also greater, as will 
be evident on reference to Figs. 85 and 89 ; the long threads of 
B, aceti are thinner, but attain a greater len<]:th, viz., up to 500 /t. 
On the other hand, the long threads of B. KiUzingianum are con- 
siderably smaller than those of the other species. Finally, it 
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of the long threads occasionailj i 
occur. A few ot ■ 
tJiese comparatively I 
rure forma are shova 1 
in Fig. 90. Pleomor- 1 
phisiu aeema to be ] 
a generál property o£ 
the ncelic acid bac- 
teria, since it was ' 
aha found by HansetL J 
ta prevail in four { 
other Bpecies, includ- 
itig thoae discovered ] 
by Zeidler. 

Like moat of the | 
other Schizrmii/egíes, 
the acelic acid bac- 
teriiL exhibit a pre- 
ference for darkueas. 
Their development— 
na M. GiLTíTi (I.) dis- 
covered — is restricted 
(though not entirely 
prevented) by dif- 
f 11 sed dayligbt, 
well as by direct I 
exposure to the buii ; 1 
blit according to the 
discoveríes made l>y 
G. ToLOMEl (III.>, 
this reault ia due to 
the cheitiically activs 
light rays aloue. 
ToLOMBi (IV.) like- ' 
wise found thnt th* ' 

discharge of atrong electric sparka at a ehort distance above tho 

aurface of the liquid alao restricts development. 

g 212.-7116 Equatlon of Acetic Ferraentatlon. 

For a long time no cluar perception waa obtninei! of ihe mods 
of action oí the "mother of vinegar.' True, it nas kuown that 
the acetic acid is formed from the alcohol preaent, and also thab 
acidification doea not occur when air ia exctuded, but the reasona 
_jhenoinena could not be given, The Abbé Rozikr (L) 
concluded from hia experinienta that air is absorbed by the wine 
in process of tuming sour, but Lavoisibr (I.) afterwaiJa ahowed 
that this is onty trne of one of the constituenta of the atmesphers, 



wine ^^ 
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viz., oxygen. He stated that ^' acetic fermentation is nothing more 
than the souring of wine, effected in tlie open air by absorption of 
oxygen." In 182 1 Edmund Davy discovered platin um-black, a 
substance which, when moistened with spirits of wine, becomes 
white-hot, the formation of acetic acid being evidenced by the odour 
evolved. This observation was f ollowed up by Dóberbiner (I. ), who 
found that, in this reaction, the alcohol takés up oxygen — water 
and acetic acid, but no carbon dioxide, being formed. £y observing 
the volume of oxygen consumed by a weighed quantity of alcohol, 
he arrived at the following equation for this oxidation process : — 

C4H8O2 + 40 = C4H4O4 + 2HO, 

which, translated from the symbolical language of equivalent 
formulse to that of atomic formuls, reads as follows : — 

CsHsO + 09 = C2H40a + H^O. 

Hence, Dóbereiner concluded that, for the production of acetic 
acid, only three substances are required : — alcohol, oxygen, and a 
body capable of absorbing and condensing the latter, and thus 
bringing it into more intimate contact with the first named, where- 
upon the reaction ensues. 

The above experiment of Dobereineťs was taken by chemists 
as a starting-point in attempts at elucidatiiig the pheiiomenon 
of acetic fermentation. The intermediary part played by the 
" mother of vinegar " in the souring of wine was obvious, since 
it was well known that without this "mother" no conversion 
occurred. Nevertheless, more than one opinion was rife as to 
the mode of action of this mucinous skin. 

Berzelius, in 1829, on the basis of his theory of catalytic 
action, ascribed the potency of this skin in acetic fermentation 
to the acetic acid "enclosed within its pores." Ten years later, 
and two years after the appearance of Kiitzing^s work — which, 
being out of harmony with the spirit oř the age, was consequently 
disre<{arded — Liebig published his theory of acetic fermentation, 
in which the " mother of vinegar " was classed alongside platinum- 
black, their mode of action being defíned as identical and of a 
purely chemical nature. 

Owing to the endeavours of Pasteur, the theory promulgated 
by Kiitzing was experimentally shown to be correct, and the true 
import of the vinegar-mother once more recognisei It would, 
however, be going too far to also credit the French physiologist 
with having recognised acetic fermentation as a purely physio- 
logical process ; for — remarkable as it may now appear to us — 
Pasteur, with his followers, stopped half-way and defined the 
vinegar fungus as "acting after the manner of spongy platinum." 
He characterised the skin-like zoogloea of the fission fungus in 
question as " vegetations endowed with the remarkable peculiarity 
of retaining the oxygen of the air and condensing it after the 
manner of spongy platinum, by inducing the combustion of alcohol 
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and acetic acid." W. von Knieriem and Ad. Mayer (I.) share 
the credit of having convincingly proved, in 1873, that the oxida- 
tion of alcohol by means of platinum-black cannot be classetl 
along with the fermentation set up by the " mother of vinegar." 
Platinum-black oxidises both concentrated and dilute alcohol, 
whereas, according to the experience of vinegar-makers, acetic 
fermentation cannot proceed in presence of more than 14 per cent. 
of alcohol. Moreover, with regard to temperature, highly im- 
portant differences — touching the very existence of the question 
— are observed. Thus, whereas acetic fermentation proceeds most 
satisfactorily at about 35** C. and is arrested altogether at 40' C, 
the cnergy of the oxidation effected by platinum-black (starting 
at 35" C.) increases as the temperature rises, and may become so 
violent that the alcohol ignites explosively and burns aw^ay to 
water and carbon dioxide. Hence the composition of the (by no 
means uniform) oxidation products thus forraed differs greatly 
from those obtained from acetic fermentation. 

This latter process, whose purely physiologicnl nature was placed 
beyond doubt by these investigations, was examined more minutely 
by A. J. Brown (III.) in 1886. Meanwhile IIansen*s discovery of 
the existence of at least two species of acetic acid bacteria con- 
siderably enlarged the íield of research, since thenceforward " acetic 
fermentation " could no longer be spoken of without coupling 
with it the name of the organism by which it was caused. The 
species forming the subject of Brown*s researches was obtained 
by him from sour (acetic) beer, and was called Baderium (weH^ 
though not identical with IIansen's species bearing the samé name. 
Pasteur's discovery that the "acetic acid bacteria" first convert 
alcohol into acetic acid and then burn the latter to carbon dioxide 
and water, was also made by Brown in connection with his B. aceti^ 
but he did not institute any closer examination (more particularly 
in connection with the ratio of transformation) on this point, so 
that this theoretically and practically most important question has 
still to be investigated. 

Methyl alcohol, isobutyl alcohol, and amyl alcohol are not 
attacked by Brown'8 B. aceti, but normál propyl alcohol is oxidised 
to propionic acid. If the nutrient medium (yeast-water) contains 
dextrose but no alcohol, then gluconic acid is formed, a fact already 
established by Boutroux (I.) in 1880, in connection with another 
species of bacterium (of questionable purity). Saccharose, lactose, 
and starch remain unaltered, but mannite is converted into levu- 
lose, which then remains unchanged. Dulcite is unaflfected, whilst 
glycol is converted into glycollic acid. The behaviour of BarteHum 
xylinum is approxiniately the samé as the organism just described. 
The extensive mucinous envelopes, consisting of cellulose, are pro- 
duced when the nutrient solution contains dextrose, levulose, oř 
mannite; whilst, on the other hand, cane-sugar and starch are 
useless for this purpose. 
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We are indebted to G. Bertraxd (I.) for a beautiful experiment 
with- a fissioii fungus, not accurately identified, but presumably 
very dosely allied to Bacteinum xylinum, Mountain-ash berries, 
i.e. the fruit of Sorlms auciipanUy S. inteimedia^ and S, latifoliay 
contain, in addition to glucose, an alcohol isonieric with mannite, 
viz., Sorbitol (CgHj^Oj. If now the juice of these berries be 
subjected to alcohoHc fermentation (which sets in rapidly and 
spontaneously), the glucose is decomposed, but not the sorbitol, 
this latter only being attacked when the above-mentioned físsion 
fungus obtains access into the fermented liquid, which it does 
through the mediation of a small red fly {Drosophila funehria, 
Fabriciiis, D. r^llarisy Maequart), known to all fermentation tech- 
nicists as the " vinegar-fly." This insect haunts places where alco- 
holic juices (especially fermented fruit-juices) are being stored 
and converted into vinegar, and there loads itself with acetic acid 
bacteria, which it then transfers to other localities. The bacterium 
introduced by these flies into the fermented juice of the mountain- 
ash berry oxidises the hexavalent alcohol Borbitol to the ketose 
Borbin (also known as sorbinose or sorbose), according to the 
equation — 

CeHuOí + O = CeHiaOe + H2O. 

This affords a convenient method for the production of sorbose. 

With regard to the fermentative capacity of B. aceti Hansen^ 
and B. Pasteurianum, the author, in 1895, published comparative 
investígations, showing that a sowing of the fírst-named species on 
pale lager-beer is able to develop and exert a powerful acidifying 
efifect at 4**-4.5*' C. ; whereas B, Pasteurianuin is unable to do this> 
oř to reproduce itself at all, even at 4. 5 "-5° C. 

§ 213.— Pure Culture Ferments in the Hanufaeture 

of Vinegar. 

Searching investígations into the chemical activity of the 
different species of acetic acid bacteria would be not only opportune 
in the interests of science, but also highly important to the prac- 
tice of the vinegar industry. In this business the employment of 
selected pure culture ferments is not yet regarded as a fundamental 
rule, everything being still left to the mercy of chance. 

As every reader will be aware, there are two different methods 
of making vinegar. In one of them wine forms the raw materiál, 
this method being known as the Orleans process, from having long 
been extensively carried on in that locality. There (as elsewhere) 
the work is still performed in the samé manner as it was centuriea 
ago, as follows : — A number of oaken casks, each of a capacity of 
some 55 gallons, are arranged in rows in a chamber maintained at 
a constant temperature of 18** to 22* C. In the upper part of the 
front end (head) of each cask a circular apertuře (a few cm. in 
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width) is provided, through whicli the cusk cun be fílled or emptíed, 
and which is geuerally kept closed, whilst near it is a veiy small 
hole (veiit) always left open for the admission of air. In normál 
work each cask is about halí full. Before setting a new cask in 
work, it is scalded out several times with steam or hot water, in 
order to extract the sap f roní the wood, and is then " soured " by 
impregnating it with good, boiling-hot vinegar. About i h.L (22 
galls.) of good clear vinegar and 2 1. (0.44 gall.) of wine are then 
placed in the cask, another 3 1. of wine being added at the end of 
eight days^ 4 to 5 1. more after the lapso of another week, and so 
on until the cask contains about 180-200 1. (40-44 galls.). Then, 
for the fírst time, vinegar is drawn from the cask, and in such 
quantity that about 22 galls. are left behind in the vesseL From 
that time the cask ("mother") is in continuous use, 10 litres (2.2 
galls.) of vinegar being withdrawn every week and replaced by an 
equal quantity of wine. The " niother " casks may remain in work 
during six or eight years without interruption, but at the end 
of thís period tliey wiil contain such a considerablo accumulation 
of deposited yeast. tartar and niother of vinegar, as to necessitate 
their being emptied and cleansed A skin, known as vinegar- 
flowers or mother of. vinegar, and composed of acetic acid bacteria, 
develops on the surface of the liquid, and the manner and luxuri- 
ance of its growth enables the operátor to judge the progress of 
the fermentation. However, at the outset the growth proceeds 
very slowly, since tlie wine employed mostly contains but very 
few of these bacteria. Consequently an opportunity is afforded for 
the development of rapid - growing iujurious organisms, chiefly 
certain budding fungi, which consume the acetic acid. The 
aerobic *• vinegar eels " also make their appearance. To obviate 
this source of loss, Pasteuu (XY.), in 1862, proposed that, instead 
of waiting until the acetic acid bacteria in the wine had increased 
sufficiently to form a protective skin of " vinegar-flowers," the 
necessary ferment shoiild be cultivated in sraall vessels, the skin 
thus obtained being then carefully transferred in pieces of sufii- 
cient size, by the aid of a wooden spatula, on to the surface of the 
wine to be soured, which was placed in shallow open vats. This 
process was adopted by Breton-Lorion of Orleans, in particular, 
and would be suitable for generál application if the presence of 
not more than one species of acetic ferment could be thereby 
ensured. This, however, is not the čase, and it is purely a matter 
of chance whether tlie skin prepared by cultivation beforehand is 
composed of beneíicial or injurious organisms. According to cir- 
cumstancc.«, tliere may be present several very different species 
with divergent j)roperties, faculties, conditions of vitality and 
metabolic products. By reason of this uncertainty alone, the 
Pasteur method is liable to produce very irregular results, and 
may, on occasion, actually give rise to losses ; and, as a matter of 
fact, it is just on this account that the method has been aban- 
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doned both in France and Germany, where it was introduced by 
E. WuRM (I.). Up to the present it does not appear that any one 
has attempted to work with really pure cultures. 

In the second method actually employed for making vinegar, 
spirit Í8 ušed instead of wine. This method has been evolved 
frora that originally prescribed by Hermann Boerhave, and has 
attained its present condition (since 1823) niainly through the 
instrumentality of Karl Schiizenbach. The French term it the 
" German method," but in Germany it is generally known as the 
"quick vinegar method" (Schnellesnig-Fabrikutton), A detailed 
description cannot be given here, but the gist of the process con- 
sists in slowly running the "goods" {i.e, spirit diluted with vinegar) 
to be turned into vinegar over shavings or strips of beechwood 
contaiiied in a closed vat (the vinegar -generátor), so that the liquid 
presents a large surface to the air, which is admitted through 
speciál ventilating holes below and makes its escape at the top. 
That the fermentative activity of micro-organisms also comes into 
play in this method can no longer be doubted since the searching 
investigations of Pasteur, which were confirmed (on repetition) by 
Mayer and Knieriem. Pasteur showed that no acidification takés 
pláce if the alcohol be allowed to trickle over shavings destitute of 
fungi. He assumed that the organism taking part in the quick 
vinegar process is the samé as that forming the superíicial skin in 
the Orleans method, the fungus being supposed to settle on the 
shavings in the vinegar-generator and convert the slowly -running 
vinegar goods into acetic acid. Up to the present no precise 
investigations on the bacteria acting in this branch of industry 
háve been made public. This higUy necessitous industry has, 
more perhaps than any other, to struggle against a variety of diffi- 
culties ; the actual losses of alcohol are enormous, and no one is 
able to oífer any reliable explanation of their cause. The intro- 
duction and intelligent use of suitable pure cul ture ferments would 
be a great boon. How much still remains to be doně and ascer- 
tained in this instance can be estimated by a comparative glance 
at the conduct of fermentation in the operation of brewing. Not 
least among the advantages to be derived from such a method of 
working — which we may hope will soon be elaborated — would be 
the jx)ssibility (not affoided by the present method) of combating 
the " vinegar eels." With regard to these objectionable parasites, 
it may be mentioned that detailed morphological and physiolo- 
gical information concerning Anguillula aceti will be found both 
in Czemaťs monograph (excerpts from which are contained in 
Borgmann's translation of Pasteur'8 Étvdes sur le Vinaigré) and in 
a treatise by G. Lindner (I.), which latter work chiefly deals with 
the pathogenic potency of these worms. As Sadebeck (I.) has 
found, these parasites are occasionally themselvesinfested and killed 
by a f ungoid parasite belonging to the group of Oomycetes (mentioned 
in the second volume), and known as Pythium AnguUltdce aceti. 



CHAPTER XXXVIII. 

THE OXYDASES. 

§ 214.— The Browning of Wines. 

In addition to the purely chemical absorption or fíxation of 
oxygen {ejj, in the conversion of SOL into SO3), on the one band, 
and the oxidation effected directly by the vital activity of micro- 
organisms on the other, there is a third method oř transferring 
this gas, viz., by the action of enzymes, to which the name 
oxydaBOB, proposed for them by Weigert, may be generally applied. 
How many kinds of oxydases exist is a matter for future research 
to determine. At the present time the subject is merely in an 
incipient stage, though the commencement made is a highly pro- 
mising one, and has already led to the explanation of several 
phenomena which only a short time back were regarded as ex- 
tremely puzzling. 

One of these is the so-called "browning" of wines, known in 
France as *7a rasse" " le cassage" oř " cassure " (Ger. Rahn-Werden 
oř Braumcei-dm), This occurs chiefly in white wines, and was 
for a long time classed along with the malady known as loss 
of colour in (led) wines. In France attention was first directed 
to its distinct character by Arm. Gautier (I.) in 1878, but in 
Germany this was known at an earlier dáte. The most important 
characteristic of ** vin rasse " is the rapid change of colour under- 
gone by the wine as soon as it is poured out of the cask oř bottle 
into an open glass, the colour of the upper layers (exposed to the 
air) of the hitherto pale liquid becoming darker, and finally (in 
the course of a few hours) becoming brown. This coloration also 
gradually progresses in the deeper layers, and, at the samé time, 
the flavour becomes unpleasant (air taste). Turbidity then ensues, 
but disappears in proportion as a fine dark brown pulverulent 
sediment settles down. The liquid is now (three to four hours 
after the commencement of the experiment) again bright, though 
darker in sliade than when newly drawn from the cask. The 
taste has also improved again, without, however, being equal to 
what it was at fírst. 

In view of the fact (indubitably proved by Nessleťs experi- 

ments) that this malady only occurs when air is admitted, it was 

regarded as an oxidation process, without any more precise aceept- 

able explanation being forthcoming. After Gautier had presumed, 
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and A. Bouffard (I.) in 1894 had denied, the probability of 
bacterial activity in this phenomenon, it was shown by G. 
GrOUiRAND (I.) that we háve bere to do with tbe action of an 
enzyme which plays the part of a carrier of oxygen. He isolated 
the samé (though not in a pure statě) from browned (white and 
red) wines, and produced therewith the samé malady in previoualy 
sterilised sound wines. This enzyme must probably be regarded 
as acting by the absorption of atmospheric oxygen, which it then 
gives up again, not only to the colouring matter in the wine, but 
also to the tannin, and thus converting them into insoluble dark- 
coloured compounda It is to be hoped that, ere long, this matter 
will háve been made clear by further investigation. 

It is found by experience that the wines obtained in wet 
autům ns from rotten grapes, as also those affected with " sweet- 
rot " {Edelfdule ; poumture noblé), and such as are poor in acid, 
are subject to this malady with comparative frequency. Nessler 
made searching investigations into the means of combating this 
complaint in practical viticulture. The most important result 
obtained was the discovery that the browning of wine can be pre- 
vented by thoroughly fumigating the casks with 1-2 grams of 
sulphur per hectolitre — 22 galia or 3.53 cubic feet — of cask-room 
before use, the malady being found, in Nessleťs experiments, not 
to ensue when the wine contained a minimum quantity of 0.003 
per mil. of SOg. According to the researches of Gouirand, this 
enzyme is destroyed by a temperature of 80° G., 60* C. being 
apparently insufficiently reliable for this purpose. MOller- 
Thurgau (VI.) made the discovery, important in cellar manage- 
ment, that the tendency of wine to tum brown could be prevented 
by Pasteurisation, i.e, keeping it for some time at a temperature 
of 6o**-62° C., which it will endure without acquiring the so-called 
" boUed " taste. 

The acquisition of a more accurate characterisation of the 
enzyme, and the consequent possibility of distinguishing it from 
other oxydases, is desirable, this being a necessary preliminary to 
the elucidation of its origin. Possibly the enzyme is not formed 
anterior to fermentation, but, on the other band, its presence in 
the grapes themselves and in the must is not absolutely precluded« 
V. Martinand (I.) has actually found oxidising enzymes in wine- 
must on many occasions. The elucidation of the conditions under 
which browning may be caused in wines is a subject requiring 
further investigation, the question whether the presence of speciál 
metabolic products is essential, or whether the oxydase here con- 
cerned differs from those observed by Martinand, being still un- 
solved. Moreover, it appears from the discoveries of this observer 
that, in the maturing of wine, the alterations of flavour occurring 
— and which may be accelerated by the influence of oxidising 
agents (ozone, the electric current) — are, under natural conditions, 
brought about by the agency of oxydases which still require closer 
identifícation. The samé applies to the darkening of the colour 
VOL. I. 20 



402 THE OXYDASES. 

of wine during storage. According to G. Tolomei (V.), oxydases 
are also produced by the wine-yeaets Saecharomyeea apictUaiuB 
and Saceh, ellipsoideus, 

§ 215.— The Rapid Diseoloration of Fresh Vegetable 

Juices 

Í8 in many cases attributable to the action of oxydases. Technical 
interest in the discoverics made on this point is chiefly centred in 
the researches of G. Bertrand (II.) on Japanese lacquer, that 
lustrous and extreniely durable varnish employed in Eastem Asia 
for coating wooden fumiture and similar articles. By making 
incisions in the bark of the indigenous Ehus vemicifera — a tree 
oř the family Anacardiacece and dosely allied to the European 
garden-tree Rhiia cotinua (Venice sumách) — a juice is obtained 
which, on admixture with the oil from Bignonia tomentosa and 
(for red lacquer) vermilion, yields the lacquer in question. This 
juice resembles a thiek pale cream and will keep unchanged for 
a long time if stored in closed bottles, but quickly tums brown 
when air is admitted, becoming covered in a few minu tes with a 
tough black skin, and řinally hardenin<í, — this being, in fact, the 
property for which it is so highly prized. That a process of 
oxidation is bere in question cannot be doubted. The constituent 
thus converted has been isolated by Bertrand under the name of 
laccol, and recognised as a compound allied to the polyatomic 
phenols, and capable of producing extremely violent reddening and 
inflammation of the skin if applied in even very minuté (juantities. 
The juice also contains an oxydase, named by Bertrand laccase, 
by the known oxygen-carrying powers of which the laccol is 
rapidly converted into a hard, black, oxy-compound, insoluble in 
water, alcohol, &c. This product is not obtained in the absence 
of the enzyme, only a resinous soluble grease, that remains sticky 
for a long time, being obtained under such circumstances. In 
addition to laccol, other polyatomic phenols (pyrogallol, hydro- 
quinone, &c.) and their acid derivatives (e,g, gallic acid and tannin) 
are quickly oxidised by laccase in presence of air. According to 
the further discoveries of Bertrand (III.), the polyphenols con- 
taining at least two groups of OH or NHg (either in the ortho- 
or in the para-position) are also easily and readily oxidised by this 
oxydase. 

This interesting discovery gave an impulse to the elucidation 
of several other phenomena interesting both to the food-stuff 
chemist and the agriculturist. It is well known that the freshly 
broken or cut surfaces of raw apples rapidly become discoloured 
on exposure to the air, at fírst tuming reddish and then becoming 
brown. This is the cause of the ugly colour of expressed apple- 
must. Housewives skiUed in cookery are aware that this altera- 
tion of colour does not ensue if the cellular structure of this 
fmit is preserved unbroken until after the apple has been boiled. 
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L. LiNDBT (L) in 1893 explained this discoloration as resulting from 
the action oř an enzyme, to which he subsequently gave the iiame 
of laccase^without, however, iniplying the identity of this with 
the oxydase of the lac-tree. The name of malase would prohably 
be more suitable for this a})ple enzyme. In the čase of apple- 
juice also, oxygen is carried by the enzyme to the tannin, and 
thus dark coloured oxy-compoimds are produced, which are pre- 
cipitated on the cell walls as a fast, permanent dye. The spotting 
of sound apples imder the rind, the so-called brown spottiiig, is 
explainable in the samé manner. So long as the stracture of the 
cell remains perfectly intact, the atmospheric oxygen cannot obtain 
access to the enzyme (in the plasma) or to the tannin. As soon, 
however, as by roechanical action (e.g. the dropping of the apple 
from the tree, pressure in packing or transit, &c.) any of the cells 
become ruptured, thcn an opportunity is afforded the oxygen to 
act on the now exposed constituents of the plasma. If the rínd 
of the fmit remains uninjured, the air gains admission to the 
interior merely through the intercellular spaces alone, and, in such 
event, will produce only a faint reaction and slight discoloration. 
Whether, as assumed by Lindet, the enzyme and tannin are con- 
tained in separate cells (i.e, distinct from each other), is a question 
stiU requiring more accurate research on the part of the botanist 
to decide. 

The darkening of beet-juice, or the rapid discoloration of the 
freeh slices of beet in the sugar-works, evidenced even when 
cutting tools devoid of iron are employed, is equally attribatable 
to the action of an oxydase present in the sugar-beet This was 
discovered by G. Bertrand (IV.), and received the name of 
Tyrofiiiiase, because it carries atmospheric oxygen to the tyrodne 
— well known to be abundantly present in the cells of the sugar- 
beet — and thus produces the discoloration in question. On the 
other band, laccase has no eífect on the said amido-compound. 
Apart from this property, tyrosinase is also characterised by its 
greater susceptibility both to heat and chemical influences. It 
occurs in other plante, e.g. the bulbs of the dahlia (Dahlia caři- 
abUis). According to the researches of G. Bertrand (V.), oxidising 
enzymes are also found in other plants, e.(j. in the carrot; the 
tubers of the po tato (which, as is well known, rapidly become 
discoloured when cut in an uncooked statě) ; in the pear, quince, 
and chestnut; in the sprouts of asparagus, clover, lucerně, and 
rye-grass ; in the leaves of the po tato, sugar-beet, &c. For detect- 
ing this class of enzymes Bertrand recommends the employment 
of guaiacum tincture, which produces therewith a blue coloration 
when dabbed or poured on to the cut surface or juice under exa- 
mination. To isolate these enzymes the plant juice is mixed with 
akohol, the resulting precipitate bein^ dissolved in a little water 
and filtered. On pouríng the filtráte into fíve volumes of alcohol, 
a pfecipita(e consisting of the desired enzyme will be formed. 
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The 80-called rasting or tarnishing oř many of the agarics, í.e. 
the rapid discoloration of freshly broken or cut surfaces in the 
body of the fungus, is well known. The bluing of two of these, 
which he styled Boletus luridus and Agaricua sanguineus (1), was 
explained by Ch. Sohónbein (I.) in 1856, by stating that these 
f ungi contain a resinous substance soluble in alcohol (the above-men- 
tioned reaction with guaiacum tincture will be remembered !), and 
becoming converted into a blue oxy-compound when brought into 
contact with ozone. The formation of this latter from the oxygen 
of the air is accomplished by the activity of another substance, 
also present in the fungi, and destructible by heat. This active 
substance was subsequently (in 1895) pi^oved by £. Bourquelot 
and G. Bertrand (I.) to be an oxydase, and was detected by them 
in 59 out of 107 species examined : e.g. in 18 species of the genera 
Russida and Lactarius, 10 species of the genus Boletus^ 2 species 
of the genus Artianitay &c. According to the researches of Bour- 
quelot and Bertrand (II.), the enzyme giving rise to the bluing 
of Boletus cyaneacem is similar to laccase ; but another oxydase, 
causing the freshly fractured surfaces of Rusmda nig}'icans to first 
tum red and finally become black, is certainly different 

G. ToLOMEi (VI.) discovered in ripe olives an oxydase which 
he called olease. In many parts of Italy it is customary to allow 
the olives, before putting them through the press, to undergo a 
spontaneous decomposition, which is chiefly effected by this olecLse, 
but has not yet been sufficiently investigated. This enzyme also 
passes into the oil prepared at temperatures below 70° C, and pre- 
sumably continues to convey oxygen gradually thereto as well, 
oleic acid, acetic acid, sebacic acid, &c., being formed. 

Another phenomenon not yet accurately known (but possibly 
also attributable to enzymatic activity) will now be considered, 
since otherwise no convenient opportunity would offer, and that is 

§ 216.— The Bittering of Wine. 

This malady makes its appearance in many districts, such as 
the French Jura (Burgundy wine), the Ahr vedley (Rheinland), 
Voslau near Vienna, and Sicily (Vino del Faro di Messina), with 
comparative frequency, and almost exclusively a£fects red wines. 
The commencement of the disease is evidenced by a reduction in 
the acid content, the wine becoming apparently sweeter again 
(French cellar-masters say "Ze vin dotictne"). By degrees the 
liquid turns paler, and is fínally decolorísed completely, the colour- 
ing matter being deposited as an insoluble sediment or covering the 
waJls of the bottle as with a skin. Concurrently, the wine de- 
velops a strange odour and a bitter after-taste, which fínally becomes 
so strong as to render the liquid undrinkable. This malady fírst 
makes itself apparent in the second or third year of storage, and 
oftentimes not before the wine is bottled for maturing. 
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Respecting the cause of this incurable disease of wine, nothing 
reliable can as yet be stated. Pasteur (XVI.) attributed it to the 
activity of a rod-shaped fission fungus, without, however, being 
able to throw any further light on the matter. The bacteria found 
in large nuinbers in bitter wine are for the most part covered with 
flakes and fragments of the precipitated brownish-red colouring 
matter, and hence very often assume remarkable shapes. They 
may be freed from these incrustations by the addition of a droplet 
of a solvent mixture of alcohol and tartaric acid to the preparation. 
R. Adbrhold (I.) unsuccessfully attempted to prepare pure cul- 
tures of the organism suspected of causing this malady, but Per- 
RONOITO and Maggiora (I.) were able to artiřicially induce the 
complaint in sound wines by inoculating them with a bouillon 
cultuie of microbes discovered in bitter wine ; the infection, how- 
ever, succeeding only in such samples as contained less than 8.5 
per cent. of alcohol. The attempts at inoculation made by E. 
Kramer with a bittered white wine from the province of Kiisten- 
land (Austria) did not pro ve satisfactory. At present, uncertainty 
prevails not only with regard to the organism causing this com- 
plaint and the external conditions influencing its development, but 
also as to the nature of the bitter principle itself. The opinion 
expressed by Mulder, that citric ether is in question, was refuted 
by C. Neubauer (L), who proved that this (still uninvestigated) 
bitter principle is a compound that is not volatilised by boiling the 
wine. From experiments made by J. Berscii (I.), it is permissible 
to conclude that the tannin present is decomposed and consumed by 
the organisme here in question. This observation would suíTice to 
explain the fact mentioned at the commencement of this paragraph, 
that bittering is almost exclusively confined to red wines, these 
containing, as is well known, a somewhat large amount of tannin 
absorbed from the skins and kernels of the grape during the 
prímary fermentation. 

It may be useful to casually mention, in conchision, that the 
bittering of alcoholic beverages, beer in particular, may also be 
occasioned by higher fungi (yeasts). Fuller jjarticulars will be 
found in a subsequent chapter in the second volume, dealing with 
Saeeharofnyces Pastariantts, and to which the reader is hereby 
referred. 
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THE DESIGN OF STRUCTURES: 

A PPAOtloal Tp«atla« on th« Bulldlnjr of Brtf!g>M, R<x»f^ 

By S. ANGLIN, C.Em 

Master of Engine«ring, Royad Univenitx of Ireland, Uue Wliitwocth Sdíolar ftc 

With Tery numerous Diagramt, Extinplet, and Tabltt. 
Large Crown 8vo. Cloth. 

SiooiiD KoiTioN, BevUed, 168. 



The leading features in Mr. Anglin'8 carefiilly-plaimed " Design of Stme- 
t«res " may be briefly summarísed as foUows : — 

I. It supplies the want, long felt among Students of Engíneering and 
Architectuie, of a concise Text-book on Stnictures, reqairíng on the part ol 
the reader a knowledge of Elemrntary Mathrmatics only. 

3. The subject of Graphic Statics has only of recent years been genendly 
•pplied in this countij to detennine the Stresses on Framed Stmcturcs ; and 
in too many cases this is doně without a knowledge of the príndples upoi 
which the science is founded. In Mr. Anglin*s work the systém is explatned 
firom FTRST PRINCIPLKS, and the Student will íind in it a Taluable aid in 
determining the stresses on all irregularly-fnimed stnictures. 

3. A large numlier of Practical Examples, such as occur in the ererv-day 
experience of the Engineer, are given and carefully worked out, some being 
solved both anály tically and graphically, as a guide to the Student 

4. The chaptei-s devoted to the practical side of the subject, the Strenfth of 
Joints, Punching, Drilling, Rivetting, and other processes connected with the 
manufacture of Bridges, Roofs, and Structural work generally, are the result 
of many years' experience in the brídge-yard; and the information given 
on this branch of the subject will be found of great valné to the practicml 
bcídge-builder. 



" Studonu of Engíneering will fiod this Text-Book iMrAhUAMlM.^—AttJtítůet 

"The author has certainlv succeeded in {yrodnciag a THoaouoHLV rxAcriCAL Text- 
Book. '"Bmidtr. 

"We can unhesitatingly recommend this work not only to the Student, as the SUT 
Tbxt-Book on the subject, but also to the profesňonal engineer as an ncaaoiNCLV 
TAI.UABLB book of rt(cTtnct."—AfecAamca/ IVůrid. 

"This work can be coNriOBNTLV recoounended to cngintert. Tlie aather has wisely 
chosen to use as little of the higher mathematks as possible, and has thus aiade his book m 
■KAL USB TO TMB raACTiCAL BNGiNBBB. . . . Ahor caréful perusal, WS ha?« Dochlaf bot 
pndse for die work."— JVÍs/wrv. 
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In Large 8vo. Handsome Cloth. lOs. 6d. 

CHEMISTRY FOR ENGINEERS. 



BERTRAM BLOUNT, 

ť.I.C.i f .C.o.i A.I.C.B., 
OMunlting ChemiHt to t)ie Crowu AgenU for 
the Colonies. 



BY 
AND 



A. G. BLOXAM, 

F LC F.C 8. 
Contalting Chemlst,' Hé»ď ot the Ohemlitiy 
Department, tioldimithi' Xnit., 
New Gron. 



OENERAL G0NTENT8.— Introdnctlon-Ohemlitry of the CHlef HaterUls 
of Constnietlon— Sovroes of Energy— ChemlBtry of Bteam-ralBing— Ohemle- 
try of Lubricatlon and Lnbrieanti— Metallnrglcal ProceBBOB ušed In the 
Wlnning and Manutácture of Metals. 

" The Anthon hare sugcksdkd beyond all expectation, and hare prodnced a work wbich 
tUooId Rlre FRUH Powxa to the £nginecr and Manafkcturer." — Tht Timts. 

"Pbacticai. thbocqbout . . . an admibabli tbxt-book. useful not only to Studenta, 
bat to Enoirbbbs and Masagiba or wobks in pbitkrtiho wabtb and impbotihg pbocmsm. — 
Scottman. 

"A book worthy to také bioh bahk . . . treatment of the rabjeet of oíjboub fvn 
partieularly good. , . . Watbb oas and fts productlon clearly worked ont. . . . We 
VABMLT BBCOMMBvn the work."— /ottHuri cfa<u l^ghtimg. 



For Companion Volume by the samé Authors, ''Chkmibtkt 

POR Manufacturers," see p. 71. 



Works by WALTER R. BROWNE, M.A.. M.Inst.C.E.. 

Latc Fellow of Trinity CoUege, Cambridge. 



THE STUDENT^S MECHANIOS: 

An Introduction to the Study of Force and Motion. 

With Diagrams. Crown 8vo. Cloth, 41. 6d. 

" Di^r in Mýle and practical ia method, 'Thb STUDBNys Mbcmanics* ia oonfiaOy » ba 
cotnntciided from all poinu of view. "—A thď nmum . 



FOUNDATIONS OF MECHANICS. 

Papen reprinted from the Enginter, In Crown Sto, is. 



Démy 8vo, with Numerous Illustrations, 9S. 

FUcL AND WATER: 

A Manuál for Users of Steam and Water. 

Bt Prof. FRANZ SCHWACKHOFER OF Vienna, and 

WALTER R. BROWNE, M.A., C.E., 
Gbnbral Contbnts.— Heat and Combustion— Fuel, Vaiisties of— Firixic Amofe- 



■Mnta : Fumace, 



Varíeties — Feed-water 



mm*^^ . *»•»•«.«, Flues. Chimney — The Boiler^ Choice of 

Hcaten— Steam JPipes — ^Water : Composition, Ponfication^Prevention of Scale, ftc, ftc 

"The Sectíon on Heat is one of the best and most ludd ever wňtten."— £M|fiff«rr. 
" CannoC £ul to be raluahU ta thousandt using tteam powtr.^^Railway EngtMttr. 
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CHARLES ORirriN é 00.'8 PUBLTOATIOm 



SBWAGE DISPOSAL WORKS: 

A Gnlde to the Constpuetion of Works for the Prevention of the 
Pollution by Sewasre of Rivers and Estoaries. 

BY 

W. SANTO CRIMP, M.Inst.C.E., F.G.S., 

Lam AMÍttant-Enfineer, Londoo Conntj CoundL 

WUh Tablet, Illustratioiu in the Text, and 37 Lithogrmphic PUtea. Medium 

8to. Handiome Cloth. 

Srcond Edition, Rkviskd and Enlaroid. 30K. 



PART I.— IKTIODUCTOIT. 



Dstails of Rirer PoUutiont and 

tkau of Vanout Commianoiu. 
Hourlx and Daily Flow of Sewaf e 
Tkm Pail Srttem as AÍTcctiiic Se 
of Raín-waUr froa 



aitMS«wag« 



Settlinf Tanka. 

Chemical Procetaei. 

The Ditposal of Sewaffe-ehidft. 

The Preparatioo of Laad for Setrag; 

potal 
Table of Sewage Fanp Manacemeot. 



Dia- 



PART II.— SSWAOS DiSPOSAL WOKKS IN OPBRATION— ThKIB 

C0N8TRUCT10N, Maintrnanck, and CO6T. 

niastrated by Plates thowing the General Pian and Arrangement adopced 

in each Distrícc 



Ifap of the LONDON Sewage System. 

Crossness Outfall. 

Barkinf Outfall. 

Doncaster Inigatioii Fana. 

Beddingtoo Iirigation Fann, Borough of 

Croydon. 
Bedfora Sewage Fann Irrigatioo. ^ 
Dewsbury and Hitchin Intennittcnt F11< 

tntion. 
Mciton^ Crordon Rund Sanitary Authority. 
Swanwick, Derbyshire. 
The Ealing Sewage Works. 
Chiswick. 

Kiagston-on-Thames, A. B. C Process. 
Salford Sewage Works. 



BradfonL Precipitation. 

New Malden, Chemical Treadnent and 

Small FiJters. 
Friem Bamet 

Acton, Feroxene and Polaritě Proces* 
Ilferd, Chadwell, and Dagenham Warka 
CoTentry. 
Wimbledon 
Birmingham 
Margate. 
Portsmouth. 

BERLIN Sewajse Farau. 
Sewage Precipitation Worka, Dortmund 

(Germany). 
Trealment of Sewage by EIectroly«i^ 



*«* From the faet of the Author's having, for some years, had charse of the Maia 
Drainage Works of the Northern Section of the Metropoiis, the chapter on Lomdon wtll be 
found to cootain m>ny important details which would not otherwise navě been available. 

" All persoos interesced in Sanitary Sdence owe a debt of gratitude to Mr Crimp. . . . 
His work will be espedally useful to Samitaby Authobitibk and their advisers ■ . . 
BiiaaKNTL.Y rRACTiCAL AMD uscFUL . . . gives plans and descríptions of mant or tmb 
■OST IMPORT AřfT SBWACB WORKS of Ettgland . • . wíth yrtxj vaiuable information as to 
the cosT of construction and working of each. . . . The careniUy-prepared diawings per- 
BMK of an easy oonparíson betwecn the different tyitems " —Lmmcšt 

" Probably the Morr com plbtb aicd bbbt trbatisb on the suMect whidi haa anpearod 
in oor lanyuog* ^^^^ prove of the greatest use to all who hare the imiilil— of 

Sewage Dispoeal to f^ct."— Kdinbur/^h Mtitical Jautnal, 
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Works by BRYAN DONKIN, M.Inst.C E., M.Inst Mech.E , &c. 



QAS, OIL, AND AIR ENGINES: 

A Practical Text-Book on Interna! Combustion Kotors 

without Boiler. 

By BRYAN DONKIN, M.Inst.C.E., M.Inst.Mech.E. 

Srcond Edition, Revised throughout and Enlarged. With numerous 
adďitional Illustrations. Large 8vo. 25S. 

Gbnbral Contxnts.— Gas Enffines:— General Deacríption— History and Develop- 

■lent — British, French, and German Gas Engines— Gas Production for Motire Power — 

Theory of the Gas Engine— Chemical Composition of Gas in Gas Engines— Utilisation of 

Heat — Explosion and Combustion. Oil MotorS :— History and DeTelopment—Various 

Tjpes— Príestman's and other Oil Engines. Hot-AiP En^nes :— History and Develop- 

aent — Varíous Types : Stirlings, Erícsson*s, &c, &c. 

"The BEST BOOK Now PUBLiSHXD on Gas, Oil, and Air Engines." — The Engineer. 

"We HBARTiLY KBCOMMBND Mf. Donkúťs worlc. ... A monument of careful 
labour. . . . Luminousand comprehensive."— /«a(n«A/<i/^xiLýA/f]«/. 



la Qiiario, Plandsome Cloth. With Numerous Platcs. 255. 

8TEAM B01LER8: LAND AND MJRINE 

(The Heat Efficiency of). 

With many Tests and Experlments on dlfferent Types of 

Boilers, as to the Heating Value of Fuels, ftc., with 

Analyses of Gases and Amount of Evaporatlon, 

and Suggestions for the Testing of Boilers. 

By BRYAN DONKIN, M.Inst.C.E. 

General Contents. — Classification of diflerent Types of Boilers — 

425 Experiments on English and Foreign Boilers with their Heat Efficiencies 

shown in Fifty Tables— Fire Grates of Various Types — Mechanical Stokers — 

Combustion of Fuel in Boilers — Transmission of Heat through Boiler Plates, 

and their Temperature — Feed Water Heaters, Superheaters, Feed Pumps, 

&c. — Smoke and its Prevcntion — Instruments ušed in Testing Boilers — 

Marině and Locomotive Boilers — Fuel Testing Stations — Discussion of the 

Trials and Conclusions — On the Choice of a Boiler, and Testing of Land, 

Marině, and Locomotive Boilers — Appendices— Bibliography — Index. 

'* Věry large sums of money, representing;manT millions sterllng, liare been tnve^ted in 
Steam Boilers. and muny EnKineers are continatilly stadying economy in Coal. The qoeation 
of Hbat EmciKSCT 1*, thcrefore. not a smatl nne.' . . . We shall not be far wrong in 
estimating that vtO million tims of coal are ased annually in generating Steam, of which ml-cii 
is WABTKD. Putiine the cost per ton at the low average pilce of lOs , we get about 100 
MILLION POCKDS BTRRLiNG as aboDt the AN NUAi. VALUB of the tnel consumed under Stationary, 
Seml-portable, Locomotive, and Marině Boilers. If 10 per cent. or 15 per cent. coold be 
econoinlsed. a rery modernte esiimjite, it woald represent a grkat oain to ihe wurld at larKO." 
—Extract from A uthors Preface. 
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to 0HARLB8 ORIFFIN S 00:a PUBLWATIONS. 

Sbcond Edition, Revised. Royal %vú, IVtíh numsrcm lUuttratúm mné 
13 Lithographu Platět. Htmdtomt Cloth. Pria jor. 

BRIDGE-CONSTRUCTION 

(A PRACTICAL TREATISE ON) : 

Being a Text-Book on the Constractioii of Bridgesin 

Iron and Steel 

FOR THE USE OF 8TUDENT8, DRAUQHT8MEN, AND ENOINEERS. 
By T. CLAXTON FIDLER, M. Inst.CK, 

ProC of Engiaeerínf , UnÍTenity CoUef e, Dundce- 



GENERAL CONTENTS. 



Part I. — Elementary Statics : — Definitions— The Opposition and 
Balance of Forces— Bcndinjj Strain— The Graphic Representation of Bending 
Moments. 

Part II.— General Principlks of Bridge-Construction : — ^The 
Comparative Anatomy of Bridges— Combined or Composite Bridges — 
Thťorciical Weight of Bridges— On Deflection, or the Curvc of a Bended 
Girder — Continuous Girders. 

Part IK. — Tuk Strrngth of Materials:— Thcorctical Strength of 
Columns — Design and Construction of Struts — Strength and Construction of 
Tics — Working Strength of Iron and Steel, and the Working Stress in 
Bridges — Wbhler's Experiments. 

Part IV.— Tiie Ďf.sion of Bridges in Detail:— The Load on 
Bridges — Calculation of Stresses duc to the Movable Load — Parallel Girders — 
Direct Calculation of the Weight oř Metal — Parabolic Girders, Polygonal 
Trusses, and Curvcd Girders — Suspension Bridges and Arches : Flexible 
Construction — Rigid Construction — Bowstring Girders uscd as Arches or as 
Suspension Bridges— Rigid Arched Ribs or Suspension Ribs — Continuous 
Girders and Cantilever Bridges — The Niagara liridge — The Forth Brídge — 
Wind-Prcssurc and Wind-Bracing : Modern Experiments. 

"Mr. Fidlbr'8 BUCOS88 arísM from the combination of BXPXRmfox and 
aiMPLloiTT OF TKEATMXNT displayed OH every page. . . . Theory ii kept in 
lubordinatioD to Practioe. and his book is, therefore, aa useful to gizaer-maken 
aa to BtudentK of Brid^^e (yonstructÍDn.*'— Tht Architfct. 

**0f latě yeart the American treatises 00 Practical and Applied Mechanioe 
haTe taken the lead . . . since the ot>ening up of a vast continent haa 
given the American engineer a numbcr of new bridže -T)roblems to tolYe 
. . . but we look to the prbssnt Tkratisb on Bridob-Construction, and 
the Forth Brídge, to bňng us to the front t^tiin. **—/Cn(nneer. 

'* One of the vxrt bbst rkcrut wokks ou the Strength of Materiále and iti 
Mpiilioation to Brídge- Construction. . . ^ell reitays a carefol Study. '*^ 
Énffiněerinff. 

** An iNPisPXNHABLX HAKPBOOK forthe praotical Engineer."— i^Toterc 
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FouRTH Edition. FoUo, stronglj half-boand, 21/. 

TRA.VERSE TABLES: 

Computed to Four Places Dedmals for every Minuté 
of Angle up to 100 of Distance. 

For the use of Surveyors and Engineers. 

BY 

RICHARD LLOYD GURDEN, 

Aathorísed Surreyor for the GoTemmoits of New Sonth Wales and 

Victoria. 

*«* Puhlisked with Cůncurrtnce ůftke Surveyon-Gmirúl for Amt SmitÁ 

WaUs and Victoria, 

** Those who háve exp«rí«noe in exact Surtst^work vUl best knovr how to apfVKiat* 
the cBOrmous amonnt oif labour represented by thú Yaluable book. The computatioiii 
caable the uier to ascertain the tines and coaiaec for a diifanoe oí twelTe aúln Id withia 
half an áidi, and this by asrauiNCB to but Om b Tabi.b. in |rface d the araal TUUca 
BÍnate oomputationt required. Thu alone U evidence of the aanstance whidi theTiďilei 
•nsure to crery user, aiid as evexy Sunrcyor in active practice hat fek the waat of 
'- ce, few knowing of their publicatioa wiH remain wrthout ÍStt«aJ*—Bngmětr. 



In Large 8vo. With Numerous Illustrationa, Prvce 78. 6d, 

VALVES AND VALVE-GEARING: 

INC LV DING TUE CORLISS VÁL VE AND 

TRIP GEARS. 

BT 

CHARLES HURST, Practical Draughtsman. 

*' C0BCI8B explaoaUoD* liluatraled hj 115 tckt clxab diaorams and drawings and 4 fulding- 
|ilat««2 ... tne buok íúlAla a taldablb fuucUoo."— ^(AeiMwm. 

"Mb. HDBBr'8 TALTKS Bttd TALTB-oiAaiKO wlll pitive a yvTj Tahuble ald, aud t«nd to the 
prodactionorEnirineeofBcrBXTiPic DBeionand BConoMiCAi. woBKmo. . . . Wlllbelarfi^ 
■ought afler bjr Studenta aud Designéra/'— AfarÁne Engituer. 

*' UsETUi. and THOBOUOHLT PBAOTtCAL. Wlll undoabtedly be fonnd of orbat valcb to 
all coneemed with t&e deaign of Valve-gearing."— J/ecAamcoi Worid. 

'' Almost XTBRT TTPX of VALVK and its gearin^ in clearly set forth, and illnstratf d in 
Bach a way as lo be rbadilt undiiBBTood and practicallt applisd by either the fingineer, 
Dranghtsman. or Btndent. . . . Bhouid proTo both useftl aod talcablx to all Kngineers 
aeuking for rkuablk and clxar infonnation on ťue sabject. Ita moderate price brings i( 
wlthin the reach of all" — Jndiutrie* amt Jron. 

" Mr. HcJKST'fl work is ai>xibablt soited to ťia needs of the praotioal mecbanic. . . . 
It Is free fiom any elibornie theuretlcal discussion;*, and the explanations of the Tarioas 
typea of valTe-gear are accompanied bj diagramB which rendar them rasxlt umukrstood." 
— 2%e Seienti/k AmerieaH. 
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WORKS BY 

ANDREW JAMIESON, M.Inst.C.E., M.I.E.E., F.R.S.E^ 

FrtftĚ9»r ^ EUetrical Engitutringt Thš Glatgow and H^tst ^ Scěilmtd 

Ttckmtcal C^tUgt 



PBOFESSOB JAMIESON'S ADVANCED MANUAL8. 

In Large Crown tivc. Fully Hlustrated, 

1. STEAM AND STEAM-ENGINES (A Text-Book on). 

For the Use of Students preparing for Competitive Examination^ 
With over 200 Illustrations, Fofding Plates, and Kxamination Pápera 
TvvELFTH Edition. Rcviscd and Eniargcd, 8/6. 

"Profesftor Jamieson faidnatet the reader by his clbarnucs or coNCcmoM aib 
tiMrLiciTY or BxrRBSSioN. His treatment recails tne lecturing of Faraday.**— ^M^wcratM. 

"The Best Book yet published for the use of Students."— i?nr»Mrr. 

" Undoubtedly the most valuablb and most coMrLrrB Hand-book od the ml^Ml 
ihat Bow ejdsts.* — M aritu Entitutr. 

2. HAGNETISM AND ELECTRICITY (An Advanced Text- 

Book on). Specially arranged for Advanced and ** Honoun*' Studenta. 

8. APPLIED MECHANICS (An Advanced Text-Book on). 

Vol. I. — Comprising Part I.: The Principle of Work and its applica- 
tions; Partii.: Gearing. Price 7$. 6d. Second Edition. 

'*Fur.LY MAiNTAiNS the reputation of the Author— more we cannot %B.y'*—Prmet, 
Bnginter. 

Vol. II. — Comprising Parts III. to VI. : Motion and Energy; Graphie 
Statics; Strength of Materials; Hydraulics and Hydraulic Machinery. 
Price 7s. 6d. 
••Wbll ani> lucidlv wkiTTKN."— yA/- Enginerr. 



PBOFESSOB JAMIESON'S INTB0DUCT0B7 MANUALS. 

With numerous IlUustrations and Examination Papers, 

1. STEAM AND THE STEAM-ENGINE (Elementary Text- 
Book on). For First-Year Students. SiXTH Edition. 3/6. 

"Quite the right sort or book."— Eftiinfrr. 

" Snould b« in the hands of bvbry engineefing apprentice."— /*nu>/tť«/ Engitufr 

2. MAGNETISM AND ELECTRICITY (Elementary Text- 
Book on). For First-Year Students. FouRTii Edition. 3/6. 

*' A CAriTAL TKXT-BOOK . . . The diagrams are an important feature.**— ^ťA«^m.úi!«r. 

"A THOROUGHLY TRUSTWORTHY Text-book. . . . Arrangement as good as w«l 
can be. . . . Diagrams are also excellent. . . . The subject uiroughout treated as aa 
•ssantially practical one, and very clear instructions given. "—Aa/ttrv. 

8. APPLIED MECHANICS (Elementary Text-Book on). 

Specially arranged for First-Year Students. Third Edition, Kevised 
and Enlarged. 3/6. 

'* Nothtng is taken for granted. . . . The work has vrry hich quautibs, whidl 
«Ay be condensed into the one word ' clbar.' "—Scifnc* amdArt, 



A POCKET-BOOK of ELECTRICAL RULES and TABLES. 

PVR THE USE OF ELECTRiCIANS AND ENGiNEERS. 
Pocket Size. Leather, 8s. 6d. Thirteenth EdiiUn. 
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SIOOKD Editiok. Enlarged, and very/ylly lUuMtraUd, Oloth, 4f. 6d. 

STEAM - BOILERS: 

THSIR DE7XGTS. MANAOBMENT, AND OON8TBUOTION. 

Bt R D. MUNRO, 
CkUřEmffiitftr^ftkšSooUithBoiUrluamrmmmmtd Emgim Imptdhm 0$mpamw. 



GxNERAL CoNTKNTS.— I. ExPLOSiONS caused (i) by OTerheating of 
Plates — (2) By Defcctive and Overloaded Safety Valvcs— (3) By Corrosion, 
Intemal or External — (4) By Defective Design and Constniction (Unsup- 
ported Fluc Tubes ; Unstrengthened Manholes ; Defective Staying ; Strength 
of Rivetted Joints; Factor of Safety) — II. Construction of Vertical 
BoiLERS : Shells — Crown Plates and Uptake Tubes — Man-Holes, Mud* 
Holes, and Fire-Holes— Fireboxes — Mountiníjs — Management — Cleaning— 
Table of Bursting Pressures of Steel Boilers — Table of Rivetted Joints— 
Specifications and Drawings of Lancashire Boiler for Working Pressures {a) 
80 Ibs. ; [ó) 200 Ibs. per square inch respectively. 

Thi8 work oontains information of the fírst importance to every user of 
Steam-power. It is a practical work written for practical man, the 
language and rules being throughout of the simplest nature. 

" A Taluable companion for workmen and engineers engaged abont Steam 
Boilen, oQgbt to be oarefally ttndied, and alwatb at hakd.**— Co^ OuardiatL 

''The book Í8 very usifuLi especially to steam nsers, artisans, and 
yonng engineers."— ^^ineer. 



Br THS SAMB AUTHOR. 

KITCHEN BOILER EXPLOSIONS: Why 

they Occur, and How to Prevent their Occurrence. A Practical Hand- 
book based on Actual Experiment. With Diagrams and Coloured Plate, 
Price 3s. 



NYSTROMS POCKET-BOOK OF MECHANICS 

AND ENGINEERING. Revised and Corrected by W. Dbnnis Marks, 
Ph.B., C.E. (yale S.S.S.), Whitney Professor of Dynamical Engineering, 
University of Pennsylvania. Pocket Slze. Leather, 15$. Twrntirth 
EIdition, Revised and greatly enlarged. 



LONDON: CHARLES ORIFFIN « CO., LIMITED, EXETER STREET, STRANO. 
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Id Large 8vo., flandtome Cloth. With nnmerout Platet reduoed from 
Working Drawingi and lUttstrationt in the Text. 

THE DESIGN AND C0N8TRUCTI0N 

or 

LOCOMOTIVE ENGINES. 

WITH AN HI8T0RICAL INTRODUCTION. 



For the Use of Engrlne Bullders, Deslgners, and Draughtsmen, 

Rallway Englneers, and Students. 

BY 

WILLIAM FRANK PETTIGREW, M.Inst.C.E. 
With a Seotion on American and Continental Sng^ea. 

BY 

ALBERT F. RAVENSHEAR, B.Sc, 

Of Her Majetty'! Patent Office. 



Large Crown 8vo. With namerouB Illattrationt. 

ENGINE-ROOM PRACTICE 

A HANDBOOK FOR 

Engineers and Officers in the Boyal Navy and 

Mercantile Marině: 

INOLUDING THE MANAGEMENT OF THE MAIN AND 
AUXTLIARY ENGINES ON BOARI) SHIP. 

BY 

JOHN G. LIVERSIDGE, 

Bngineer, R.N., A.M.I.C.E., Iiistnictor In Applied Mechanice at the Royal Naval 

College, Oreenwich. 



tONfiON : (HARLE8 tMFFIN « CO, UMITEP. ^ETEil »TBEET, STiíMD. 
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WORKS BY 

W. J. HAGQUORN RANKINE, LL.D., F.R.S., 

lotf ilig/ut řrofttšor of CMI Engin—rlng lit tk§ UníošnHif of Qkmgom. 

THOBOUGHLT RKYISaD BT 

W. J. MILLAB, C.E., 

Lat9 89eretary to th§ íntUtutě of Engln—n and Shlpbullden In SootlaiML 



I. A MANUÁL OF APPLIED MECHANICS : 

Comprising the Principles of Statica and Cinematicfl, and Theory of 
Stmctures, Mechaniam, and Machines. With Numeroas Diagrama. 
Crown 8to, cloth, 12b. 6d. Fifteekth Edition. 



U. A MANUÁL OF CIVIL ENGINEERING : 

Comprising Engineering Surveys, Earthwork, Fonndations, Maaonry, Car- 
pentry, Metal Work, Koads, Railways, Canals, Rivers, Waterworks, 
Harbours, ke. With Nomerons Tablea and IUnstrations. Crown 8ro, 

Cloth, 168. TWBNTIETH EdITION. 



III. A MANUÁL OF HACHINERY AND MILLWORK : 

Comprising the Geometry, Motions, Work, Strength, Constnxction, and 
Objects of Machines, ke. Illustrated with nearly 300 Woodcnts. 
Crown 8vo, cloth, 12s. 6d. Ssysnth Editiov. 



IV. A MANUÁL OF THE STEAM-ENGINE AND OTHER 

PRIME MOVERS : 

With a Section on Gas, Oil, and Air Engijmes. By Bbtan Do^KIy, 
M.IostC.E. With Foldins Plates and Nnmerons Illustrations. 
Crown 8vo, cloth, 128. 6d. Fourtbknth Edition. 

LONDON: CHARLES GRIFFIN A CO.. LIMITED, EXETER STREET, STRANOl 
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PlOV. Rankinb's VfoíiKS—iC^níiměěd). 

V. USEFUL RULES AND TABLES : 

For Architeots, Buildera, Eogineers, Founden, Meohuiict, Shipbiiil<lara« 
Surveyon, &c. With Appbndix for the um of Eleotrioál EMaurxi 
By Profeuor jAMiBgoN, F.1Í.S.E. Sbvbnth Edition. lOs. 6d. 



VI. A HECHANICAL TEXT-BOOK : 

A Praotioal and Simple Introduotion to the Stády of MeohaDÍoa. By 
Professor Bjlnkink and E. F. Bamber, C.E. With Nameroos Illaa- 
trations. Crown 8vo, cloth, 98. Fourth Edition. 

*«* ílu '* Mbcranioal Tkxt-Book " woj dmigntd bp ProfeMor BAJfKum m$ mn UiiBO- 
•ocnoa 10 tfu abowt 8*riu of MmnuaU. 



VIL HISCELLANEOUS SCIENTIFIC PAPERS. 

Royal 8vo. Cloth, 318. 6d. 

Part I. Paper8 relating to lemperature, Elasticity, and Expandon of 
Vapour8, Liqiiida, and Solids. Part II. ťapers on Energy and its Trans- 
formations. Part III. Paper8 on Wave- Formě, Propuleion of Vessele, &o. 

With Memoir by Profeeaor Tait, M.A. Edited by W. J. Millar, ('.E. 
With tíne Porcrait on Steel, Plates, and Diagramt. 

*' No more onduríiif Memoriál of Profcsaor Rjuikine could be derised than the publica- 
tfoa of theM papert in an acceMÍble form. . . . The CoUectioB tt mott valuable <m 
aeeoimt of the nature of hii ducoTeríet, aad the beauty and con^ďeteaees of his wialyitia. 
• . . The Volume cxceeds in importanoe any woric m the saoM department publiahod 
in mt úmM^^ArcJkáitct. 



SHELTON-BEY (W. Vincent, Foreman to the 

Imperiál Ottoman Gun Factoríes, Constantinople) : 

THE M£CHANIC*S GUIDE: A Hand-Book for Engineers and 
Artiians. With Copiom Tables and Valoable Redpes for Practical Use. 
Dhutrated. Stc^md Ediiiém. Crown 8to. Cloth, 7/6. 

LONDON : GHARLE8 GRIFFIN A CO., LIMITED, EXETER STREET. STRANO. 
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SECOMD EDITIOJ^, Revised and Enlarged. 
In Large 8vo, Handsonve eloth, S4s. 

HYDRAULIC POWER 



AND 



HYDRAULIC MACHINERY. 

BT 

HENRY ROBINSON, M. INST. C.E., F.G.S., 

mxow or king's coixsgb, lokdon; pbof. or cnnL bnginbbbinu. 

KINCS COLLBGB, BTC., STC. 

Tniitb numeroud TDSloodcutB, and S\iV^*x\\y\z fMatee. 



Gknkral Contknts. 

Oischarge through Orííices— Gauging Water by Weirs — Flow of Watei 
through Pipcs — The Accumulator — The Flow of Solids — Hydraulic Preses 
and Lifts — Cyclone Hydraulic Baling Press — Anderton Hydraulic Lift — 
Hydraulic Hoists (Lifts) — The Otis Llevator — Mersey Railway Liíts— City 
and South London Railway Lifts — North Hudson Count^ Railway Elevator — 
Lifts for Subway»— Hydraulic Ram — PearsalPs Hydrauhc Engine — Pumping- 
Engines — Three-Cylinder Engines — Brotherhood Engine — R^g^s Hydrauhc 
Engine — Hydraulic Capstans — Hydraulic Travcrsers — Movable Jigger Hoist— 
Hydraulic Wa^on Drop — Hydraulic Jack — Duckham*s Weighíng Machine — 
Shop Tools--Twcddell s Hydraulic Rivetter — Hydraulic Jo^Ong Press — 
Tweddell*s Punching and Shearing Machine — Flanging Machine — Hydraulic 
Centre Cranc — Wrightson*s Balance Crane— Hydraulic Power at the Forth 
Bridge — Cranes — Hydraulic Coal-Discharging Machines — Hydraulic Dríll — 
Hydraulic Manhole Cutter — Hydraulic Drill at St. Gothard Tnnnel — Motors 
with Variable Power — Hydrauhc Machinery on Board Ship — Hydraulic Points 
and Crossings — Hydraulic Pile Driver — Hydraulic Pile Screwing Apparatus— 
Hydraulic Lxcavator — Balťs Pump Dredger — Hydraulic Power applied to 
Brídges — Dock-gate Machinery — Hydraulic Brake — Hydraulic Power applied 
to Gunnery — Centriřugal Pumps — Water Wheels — ^Turbines--Jet Propulsion — 
The Gerard-Barré Hydraulic Railwav — Greatheaďs Injector Hydrant — Snell't 
Hydraulic Transport S3rstem — Greatnead*s Shield — Grain Elevator at Frank- 
fort — Packins — Power Co-operation — Hulí Hydraulic Power Company — 
I^ndon Hydraulic Power Company — Birmingham Hydraulic Power System 
— Niagara Falls — Cost of Hydraulic Power — Meters — SchOnheyder*s Pressuie 
Regulátor — Deacon*s Waste- Water Meter. 

" A B«ok of great Pft>finnoiud Ufdnlaess."— /rvw. 

*** The Skooitd Edittom of the ahoTo importani work has beon thoronghly reilMd and 
broaght np to data. Many new fnll-page Plates ha^e heen addeď— tha niimbar baiaf 
increaaed from 4S in the Fint Editton to C9 in the preaent. 

lONDON : CHARLES 6RIFFIN A CO.. LIMITED, EXETER STREET. STRANU. 
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iioyal 8tm, tkutdtomt Oiotti, 26$. 

THE STABILITY OF SHIPS. 

BY 

SIR EDWARD J. REED, K-C.B., F.R.S., M.P., 

CMOMT OV THB IMPBKIAL ORDBKS OF ST. STANHUAUS Or KUSSIA ; FKANCIB ;OÍBJni OP 

AOSntlA ; MBDJIDIB OP TVKKSY ; AND MSING SUN OP JAPAN ; Vlca> 

PBniDBNT OP THB INSTITUTION OP NAVAL AKCHITBCTS. 

íViiA numeroHS Hlustrahons ana Tables^ 

Tris work has beeo wrítten for the ptirpoM of plactng in the hands of NbtbI Coastructon« 
ShipbuUden, OfBcen of the Royal and Mercantue Marínes, and all Studenu of Naval Sdcnc^ 
a complete Treatise upon the Stability of Shipt. and u the oniy woric m the Eng^lian 
Langxiage dealinf ezhaustively with the subjecL 

In order to render the work complete for the purpotet of the Shipbuilder, whether «t 
home or abroad, the Methods of Calculation introduced by Mr. F. K. Barnbs, Mr. Gkat, 
M. Rbbch, M. Daymabd, and Mr. Bbnjamin, are all given separateljr, íllustrated bj 
Tables and worked-out examples. The book contains more than aoo Diagrama, and iB 
Qlustrated by a large number of actnal caeet, derivod firooi ihipe of aU deccriptioos, bot 
especially firom thipe of the Mercantile Marině. 

1 he work will thus be found to conttitute the most comprehenuve and exhauativ* 
Utheito p r e a ented to the Profeesioa oa the Science of the Stability op Ships. 



" ^ Edwako Rbsd's * Stabiuty op Ships ' is INTALUABLB. In ít the SroDBirr. »«w 
lo the tubject, will flnd the path prepared for him, and all diíBcultÍM eacplained with tho 
ntaoit care and accuracv ; the Ship-dkaughtsman will ňnd all the metnods of calculation at 
prtMot in Bse fully exiriained and illustUuted, and accompanied by the TaMet and Forma 
employed : the Shipownbr will find the variations in the Stability of Shipa due to diffe i encea 
in fenna and dimensions fullj discxused, and the devioes by which the statě of his ships under 
all cotiditkms may be mptucally represented and easily understood ; the Naval AacHiracT 
will find brought togetner and readv to his hand, a mass of infonnation which he would oiher* 
wise háve to seek in an almost endless variety of publications, and some of which he woald 
poiaibly not be able to obtain at all elsewhere."— A^«u>k<^. 

" This impobtant and valuablb wokk . . . cBBnot be too highly reooamended ts 
all conaected with shipping interests." — Irttt, 

" This VBBY IMPORTANT TRBATISB. ... the MOBT I1CTBLUCIBLB, mSTBUCTIYB, BSd 

complbtb that has ever appeared." — Nmiur*. 



"The volume ia an bbsbntial omb for the ihipbuildÍBg profeseioB '^—JVntmJHsttr 



COMPANION-WORK. 



THE DE8I6N AND C0N8TRUCTI0N OF 8HIP8. 

By JOHN HARVARD BILES, M.InstN.A., 

Professor of Naval Architecture in the University of Glasgow. 
In Active Preparation. 

LONDON : CHARLES QRIFFIN « CO., LIMITED, EXETER STREET, STRANO. 
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ThlPtMntb Bdltlon. PpIm Zim. 
Dmuy 8vOf OlotK. WUh NfĚmenm» lUutíratíonš, redueed frum 

A MANUÁL OF 

MARINĚ ENGINEERING: 

COMPRISING THE DE8IGNING. C0N8TRUCTI0N, AND 
WORKING OF MARINĚ MACHINERY. 

By A. E. SE AT ON, M.Inst.C.EM M. Inst. Medu B., 

M.Iiist.N.A« 



GENKRAL CONTENTS. 

Part L— Prineiples of Marině eulations, for Cyllnders, 



Propulslon. 

Part II.~Prineiples of Steam 
Enfirineerliifir. 

Part III.— Details of Marině 



Pistons, Valves, Expansion 
Valves, Ac 

Part IV.— Propellers. 

Part V.— Boilers. 



Enfirines : Design and Gal- Part VI.— MiscellaneoiLk 

*,* The Thirteenth Edition indudes a Chapter on Watkr-Tubb Boilbes, 

with IlluBtrations of the leáding Typ«0. 



" In the three-fold oapaoity of enabling a Student to learn how to desi|ni« conatruoi, 
and work a Marině Steam- Enjcine. Mr. Seaton'8 Manuál has no ri ▼▲£."— Dfaiéi. 

"The imporunt subjectof Marina Eoirineering is bere treated with tiie thorough- 
ifOB that it reauirea. No department has escaped attention. . . . GHtcs the 
resulta of mucb cloee tiudy and practical work."— JbytfMMrin^. 

" By (kr the bbbt Manuál m existence. . . . Gítcs a oomplete aoeount of the 
methods of solving, with the utmost poasible eoonomy, the problems before tbe Marině 
Emnneer."— ilMtfiKnffii. 

''The Student, Drauffhtsman, and Enráffv will flnd this work the HOtr taluáblb 
Handbook ot ReíSerenoe on the Maríně Enipne now in existence."— HaHiw JEn^tfi 



FouRTH Edition. With DiRgrama. Pocket-Size, Leather. Ss. 6d. 

A POOEET-BOOK OF 

MARINĚ ENGIN££RIN6 RULES AND TABLES, 

TOR THX USl OF 

Marině Engineers, Naval Arehlteets, Desisrners, Draughtsmen, 

Superintendents and Otners. 

BY 

A. R SEATON, M.LO.E., M.LMech.R, M.I.N.A., 

AKD 

tt M. ROUNTHWAITE, M.LMech.E., M.I.N.A. 

"Admikably ruLFiLS íts purpose.**— i/«rMtf Bngmter, 

LONDON : CHARLES 6RIFF1N A CO., LIMITED. EXETER STREET, STRANO. 
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WORKS BY PROF. ROBERT H. SMITH, AssocH.I.C.E., 

M.LM.E., M.I.ELE., M.F6d.LMi.£.. Whit Sch.. M.Ord.Meljl. 

THE CALCULUS FOR ENGINEERS 

AND PHYSICISTS, 
Applied to Technical Problems. 

WITH BXTEN8IVB 

OIiASSIFIBD BEFEBEKCE LIST OF IKTEGBAIiS. 
By PROF. ROBERT H. SMITH. 

ASSLSTED BY 

R F. MUIRHEAD, M.A., B.Sc, 

Formerly Olark Fallow of Olufow UnWertity, and Lecturer on Muthenuitiot at 

Maaon CoUege. 

In Crown 8vo, exiraf vňth Dictgrama and Folding- Plate* Sb. 6<L 

" pRop. B. H. 8MiTn'8 book will be serviceable in rendering a hard road as xast as pbactic 
ABLK for the non-matbematlcal btudent «nd EDgln9«T"—AUuneeu$n, 

" Int«re>ting diagramt, wlth practlcal lUustrations of actual occarrence. are to be foond Ii<>re 
in abuDduuce. Thb tbbt complbtb classipikd ripbrkvck tablk will prore xexj uiefol in 
Mving tlie time of those who want an integrál in a hurry."— TA« EngUuer. 



MEASUREMENT CONVERSIONS 

(English and Frenoh) : 

28 GRAPHIC TABLES OB DIAGRAMS. 

Showing at a glance the Mutual Convbbsion of Mbasurbmkmts 

in DiFFBBBNT UnITS 

Of Lengths, Areas, Volumes, Weighta, Stresses, DeDsities, Quantitlea 

of Work, Hone Powen, Temperatures, Ao. 

For the utš of inglňeert, Survoyon, Arehitoott, and Contraetort. 

In 4to, Boarda. Ta, 6d, 



*,* Prof. Siiith's Conversion-Tableb form the most uniqne and com- 
prehenaive coUection ever placed before the profession. By their use much 
time and labour will be saved, and the chances of error in calculation 
diminiBhed. It is believed that henceforth no Engineer'8 Office will be 
considered complete without them. 

" Tbe work is ibtalcabul"— CoUt«ry Otutrátan. 

" Ought to b« in BTXRT offlce wliere eren oocaiional conTeniont are requlred. . . . Prof. 
8m iTB'!i Tablbs form Tery bxcbllb5T cbxcks on Tt*u]i»."—XUetrieal lUview. 

" Prof. 8mith deeerves the liearty tbankt. not only of the Bboivbbb. but of the Com mbbcial 
WoBU), for haTlng amootlied the way for the adoptiob of tbe Mbtbic bTsnif of Mbarcbxmbiít, 
a iubject which ii now auuming great iniportance at a factor in maintaining our bold upon 
VOBBIOB tKÁVM,"—!!** Maehinery Markét. 

LONDON : GHARLE8 QRIFFiN & CO., LIMITED, EXETER STREET, STRANO. 
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Thied Koxnos, lUwiud and Enlargtd. Pocket-Sisé, Leat/ur^ 12« M.: aíso Larger Siu /or 

OJkt Use, Cloth, 13«. M. 

Boilers, Marině and Land: 

THEIR CONSTRUCTION AND STRENGTH. 
■ A Handbook or Rulbs, FoRMnL>B, Tablks, étc, bklatiyb to MatksiaXi» 

SCANTLINOS, AND P&ESSU&BS, SaTBTT VáLYXS, SpBINOS, 
FlTTINOS AND MoUNTINOS, éta 

FOR THE USE OP ENGINEERS. SURVEYORS, BOILER-MAKERS, 

AND STEAM USERS. 

By T. W. TRAILL, M. Inst. O. K, F.KRN., 

Latě Kncioeer SorTeyw-ln-Chief io tta« Board of Tndt. 



» « 



»* To THE Secomd and Third Editions many Nkw Tablbs for Pbessurks 
up to 200 Lbs. per Square Inch háve been added. 



'* Tus MOST TALUASU woRS on Boilen publbíhed in EngUmd."— SAippinn World. 

" Vwj anUka any of tb« numeroiu tre«tlMt on Boilen which h*Te preceded li. . . . Baaily 

'osefal. . . . ConfcainB an Enoemotts Quahtitt op Ihpoematioh Airanged in * very oonTenient 

form. . . . Thoee who tímr^ to deeiírn boUen will flnd that they c*n settle the dimeneioiu for any 

^iren oreMore with almost no ealcai*sion with iti aid. ... A most useful tolumb . . . 

•upplying infomiAtion to be had nownere elae.' —Th4 Enginetr. 

"As * handbook of mlee, formula, tablee, ^., relating to materiále, ecantlinge, aad preamresi thle 
work will prore mobt uaivuL The name of (be Author ia a suffieient goarantee for ita aoenraey. II 
wlll eave engineere, inipectora, and draughtemen a vaat amonnt of calcnlation."— ^amrc 

" By rach an aathority cannot bat prove a weleome addition to the literatare of the rabjeet. . . . 
We ean ftrongiy reeommend it as being the moat completi, eminently praetical work on the luhlM^" 
—Marinu Engineer. 

"To the engineer and nractical boiler-maker it will prove laTALOABU. The tables in all prD> 
-tabiiity are the moet exhanetire yet pnbliabed . . . Certainly deeerres a plaoe on (be ihelf In 
>the drawing office of erery DoUer •hop,"— Praetical Engineer. 



AT HOME AND ABROAD. 

By WILLIAM HENRY COLE, M.Inst.C.E., 

Latě Deputy->lan«K(ír, Eaatem Bengál and North- Western State Railways, P. W.D., India. 
In Larfje 8ro. Handsome Cloth. With Illwitraíions. 

[Griffin*ti KiKjineering Series. 

LONDON: CHARLES 6RIFFIN & CO., LIMITED, EXETER STREET, STRANO. 
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In Orovon 8vo, extra^ with Numerouě IUuštraíion$. [Skortíjt^ 

GAS AND CIL ENGINES: 

AN INTR0DUCT0R7 TEXT-BOOK 

On the Theory, Design, Constrnction, and Testing of InternaV 

Combnstion Engines withont Boiler. 

FOR THE USE OF 8TTJDENTS. 

BY 

Prop. W. H. WATKINSON, Whit. Sch., MJnst.Mech.E.^ 

OlMgow and Watt of ScotUnd Technical College. 



Engineering Drafing and Design 

(A TEXT-BOOK OF). 
Second Edition. In Two Parts, Published Separately. 

Vol. i. — Practical Gbohktrt, Plane, and Solid. Ss. 

Vol. II. — Machine and Engine Drawino and Design. 48. 6d. 

BY 

SIDNEY H. WELLS, Wh.Sc, 

A.M.IHM.C.B.. A.M.IIIIT.MBCH.B., 

Principal of, »nd Hf Ad of the Engineering Department in, the Battenea Polytecbnie Initltute ; 
fornierly uf the Engineering Departmenti of the Torkahire CoIIege, Leedi ; 

and Dulwich CoUege, London. 

Wiih many lUiutnUiomt^ specially prepared for the Work, and numerouě 
hJxampleSt for the Use of Studínts in Techmcal SchooU and Cotíeges. 

" A THOEocoHLT DBIPCL WORK, ezceedinglf well written. For the many Ezamplee aad 
Queationi we hare notliing but praiae."— ^'otatre. 

" A CAFiTAL TiXT-BOoK, Bmnged on an bzcillutt ststbm, calcnlated to gire an lnt«lllfent 
graap of the labject. and not the mere facaltr of mechanieal eopTlng. . . . Mr. Wetli •nowB 
bow to make comfliti woEKmo-DaAWiHOi^, dlecuMlng fullj eacli atep in the deaign."— fZeeCrieo/ 
jffvino. 

" The flrat book leada iasilt and katukallt towarda the Moond. where the tachnleal impll 
!■ brooffht into oootact wlth large and more complez deeigne."— 7^ Sckooiwuuur. 



LONDON: CHARLES GKIFFIN & CO.. LIMITED, EXETER STREET, STRAND. 
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MUNBO k JAMIESON'S ELECTBICAL POCKET-BOOK. 

Thirt£ENTH Edition, Revised and Enlarged. 

A POCKET-BOOK 

OF 

ELECTRICAL RULES & TABLES 

FOR THB USB OF ELECTRICIANS AND ENGINEERS, 

'By JOHN MUNRO, C.E., & Prof. JAMIESON, M.Inst.C.E., F.R.S.B. 
With Numerous Diagrams. Pocket Size. Leather, 8s. 6d. 

GENERAL O O N T E N T S. 



Units OF Mbasurbmbnt. 
Mbasurbs. 

Trsting. 
-conductors. 
diblrctrics. 

SUBMARINB CABLBS. 

Telroraphy. 
Elrctro-Chrmistrt. 



Elsctro-Metallurot. 

Battbrirs. 

Dynamos and Motors. 

Transformers. 

Electric Lightino. 

MlSCELLANBOUS. 

logarithms. 
Appendices. 



«( ' 



WoNSBxruLLV PBaFBCT. . . . WoTthy of the hii^iest oommcmUiMMi we can 
.fiw it." — Electrician. 

"The Stekung Valui of Mestn. Munso and jAMnaoM't Pockbt-Book."— 
ElMÉrůml Bdvitw. 



Electňcal Heasurements k Instruments. 

A Practical Hand-book of Testing for the Electrical 

Engineer. 

By CHARLES H. YEAMAN, 

Amoc. Inat. B.R, fonnerly Electrical Engineer to the Corporation of LiverpooL 



Second Edition, 8s. 6d. Leather, for the Pocket, 8s. 6d. 

6RIFFIN'8 ELECTRICAL PRICE-BGOK. 

IFor Eleetrical, CivlL Marině, and Borough Engineers, Loeal 
Authorities, Areniteets, Railway Contraetors, &e., &e. 

Edited by H. J. DOWSING, 

MttmUr 0/tJu InstitMticH o/ Electrical Engituers; «fHu Socúty 0/Arts; qftk* Lmtděn 

Chamher ěfCě mmér c * ^ &*e. 

** The Elkctxical Pkicb-Book xkmotss all mystkky about the cost of Electrical 
■Power. By its aid the xxpbnsb that will be entailed by utilising electridty on a large or 
•imall scale can be discovered." — Arckitwt. 

" The value of this Electrical Price-Book cannot bb oitbk-bstimatbd. . . . Will 
<«aYe time and trouble both to the engineer and the business m»íx.**—Mackúury. 

LONDON: CHARLES 6RIFFIN A CO., LiMiTED, EXETER STREET, STRANO. 
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By PROFESSORS J. J. THOMSON A POYNTINQ . 

In Large Svo. Fully Illtistrated. 

A TEXT-BOOK OF PHYSICS: 

C0MPRI8IN0 

P ROBERTI ES OF MATTER ; 80UND ; HEAT ; MAQNETI8M 
AND ELECTRICITY ; AND LIQHT. 

BY 

J. H. POYNTING, J. J. THOMSON, 

■CD.« r.ft.1., AND "'^-i '■>•>•• 

Lato Fellow of Trinitf CoUefe, Cambiidg*: Fellow of Trlnltj College, Cunbridfe: ProL* 

Profenor of Plifiica. Mmod Oollefe, of £ipertin«nUl Physioi in Um UiUTŠraity 

BtrmlDRliAm. of Caoabridfft. 

*»* Publishei'8' AW.— It iaintendtKl that thia important and LONOKXPBCTsn' 
Treatihe shall he issued in Reparáte Volumen, each complete in itself, and pub* 
liflhed at regular intervalH, beginning with i:k)UNi), now at PresMi. 



In large 8vo, with Bibliography, Illustrations in the Text, and seven 

Lithographed Plates. I2s. 6d. 

THE MEAN DENSITY OF THE EARTH : 

An Essay to which the Adams Prize was adjudged in 1898 in; 

the University of Cambridge. 

BY 

J. H. POYNTING, Sc.D., F.R.S., 

Latě Fellow of Trinity College, Cambridge; Professor of Ph3rsics, Mason* 

College, Binningham. 

" Ad account of thii luhiect cannot f»U to be of oeiat and oirmul iimiavr to the tdMitlS* 
mind. EipeclallT ím thia tne caae wben the accoant ia slven by ooe wbo hM oontrlbuted •»• 
eonsidenbiy m bM Prof. ^ojnUna to onr pn^ent etate of knowlcdfe with renMct to a rwj- 
dlAcult eubject. . . . Renutrkably ha« Newton'! eetimate been rerifled bj Prof. PojnUDf ."— 
Athtnmum. 
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§6, GRIFFIN^S NAUTICAL SERIES, 

Edited by EDW. BLACKMORE, 
Master Mariner, Fint Claas Trinity Hooae Certiflcate, Aasoc Init. N.A. ; 
And WairncN, mainlt, by Sailors for Sáilors. 

" Thi8 ADMIRABLK %VKIE&:'—Fairplay. " A TERT VSKTUL SlRIIS."— ifOittfV. 

" The Tolumes of Mkssrs. aRiFFiM'8 Kautioál SBRm may well and profltably be 
read by all intereated in oar vatiohal marituck proorsss."— Jfor^M Enjififhur. 

" EvERT Ship Bhoald háve the whole Siries as a Riferbnoi Librart. Hahd- 
•oxiLT BOUND, CLIARLT PRnfTKi> and ILLU8TRATKD. "~Z4Mr7>oo/ Jcum, of Ccmmuertit. 



The Legal Duties of Shipmasters. By Bbkkdiot Wm. Giksbubo, 

M.A., LL.D., of the Iniier Temple and Northern Circuit: BarrÍster-at>Law. 
Price 48. 6d. Postage 4U. \J\uit PuhlUKtá. 

The Brltish Mereantile Marině: An Historícal Sketch of its Rise 

and Development. By the Editor, Capt. Blaokmore. Ss. 6d. Poetage 4d. 
"This ADMIRABLB book . . . TBEXS with usefol information. Should be in 
the hands of every Sailor." — WetUm Moming Nnos. 



Elementary Seamanship. By D. VVilson-Barker, Master Mariner, 
F.R.S.E., F.B.O.S. With numerous Piates, two in Colours, and Frontispiece. te. 
Postage 4d. 
"This ADXíRABLE MANUÁL, by Capt. Wilson Barker, of the 'Worcester,' aeemi 

to US PERFECTLY l>1SSlQHEI>."—AtherUBUm. 



Know Your Own Ship : a Simple Explanatíon of the Stability, Con- 
■truction, Tonnaffe, and Freeboard of Ships. By Thos. Walton, Naval Architect. 
With numerous Iilustrations. Third Edition. 5s. Poetage 4d. 
" Mr. Walton's book will be found ysrt usbful."— TAc ^tgineer, 

The Construction and Haintenance of Vessels built of Steel. 

By Thos. Walton, Naval Architect. [Shortíy. 

Navigation : Theoretical and Practieal. By D. WilsonBarkbr, 

Master Mariner, Ac, and William Allinoham. Ss. 6a. Poetage Sd. 
"Preciselt the kind of work required for the New Certiflcates of competency. 
Candidates will llnd it IHVALUABLB."— 2>uru2«'f Advertiter. 



Latitude and Lonfiritude : How to flnd them. By W. J. Millab, 

C.E., latě Sec. to tne Inst. of Engineers and Shipbuilders in Scotland. 2s. 

Postage 3d. 

" Cannot but prove an acquisition to thoee stndying Navigation."— JfartiM Engineer. 

Practieal MechaniCS : Applied to the requirementa of the Sailor. 
By Thos. Mackenzie, Master Mariner, F.R.A.S. 3s. 6d. Postage Sd. 
" Well worth the money . . . bxorsdinolt helppuí."— ^ij^nVi^ World. 

Oeean Meteorology : For Officers of the Merchant Navy. By 
william Allinqham, First Class Honours, Navigation, Science and Art Department 

— [Shortíy, 

Trigonometry : For the Young Sailor, &c. By Rich. C. Buck, of the 
Thames Nautícal Training College, H.M.S. " Worcester." Price 3s. 6d. Postaiřc 3d 
*' This EMINENTLY PRACTICAL and RELIABLE yoluinB,"—Schaolmatter. 



Praetical Algebra. By Rich. C. Buck. [ShorUy, 

A Medieal and Surgieal Help for Shipmasters. Including 'First 

Aid at Sea. By Wx. Johnson SMITH. F.B.C.S., Principal Medical Officer, Seamans 

Hospital, Greenwich. 6b. Poetage 4d. 

" SOCND, JUDIOIOUS, REALLT HELPFUL."— TA^ Lancet. 
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46 OBARLMS OBIFFIlí é C0,'8 PUBLWÁT10WB. 

GRIFFIN'S NAUTICAL 8ERIE8. 

Prioe Ss. 6d. Fo9t-Jrěe, 
THE 

British Mercantile Marině. 

By EDWARD BLACKMORE, 

MASTBR MARINBR; ASSOCIATB OP THB INSTITUTION OP NAVAL ARCHITBCTS; 

MBMBBR OF THB INSTITVTION OP BNCINBBRS AND SHIPBUILDBRS 

IN SCOTLAND; BDfTOR OP GRIPPIN'S "NAUTICAL SBRIBS." 

GlviBAL C0NTENT8.— H18TORICAL : From Early Timet to 1486~PrnBTMs 
onder Henry VUT.— To Death of Mary— DmiM Elizabeth'i Rcign-Up to 
the Reign of William III.— The 18th and 19th CenturieB— Iiuititation of 
ExamixuktionB — Rise and Progress of Steam Propulaion — Deyelopment of 
Free Trade-Ship^ing LegiaUtion, 1862 to 1875— " Lockaley HalP Čase— 
Shipmastors' Societies— Loaiding of Ships — Shipping Legislatíon, 1884 to 1894 — 
Statistics of Shipping. The rsBSONNEL : Shipowners— OflBcers— Mariner» — 
Duties and Present ťosition. Education : A Seaman*! Education : what it 
■hould be — Present Means of Education — Hints. DisciPLnrs and Duty — 
Postscript— The Serious Decrease in the Number of British Seamen, a Matter 
demanding the Attention of the Nation. 

" Iktbrbstibq and Instrcctivb . . . may be read with propit and BXJonfBirr."— 
úloěgote tišra/d. 

" SvBBT BBANCH of the Bubject ím dealt with in a w«y whioh ihowi tbat the wrlter 
* knowi the ropes ' familiarly.*'— Aeofnmin. 

**ThÍB ADiniABLK b^ok . . . iBBMi with DBefnl informatlon— Shonld be in the 
banda of erery 8atlor.*'~ We$ttm Moming Nnu. 



WORKS BY RICHARD C. BUCK, 

ofthe Thames Nautical Tralning OoUege, H.M.S. ' Woroester.' 

1. A Manuál of Trigonometry: 

With Diagrams, Examples, and Exerciaes. Post-free Ss. 6d. 

*«* Mr. Buck'8 Tezt-Book has been spéci ally prepared with a view 
to the New Examinations of the Board of Trade, in whioh Trigonometry 
Í8 an obligatory subject. 

"Thin KMiMKBTLT PRACTICAL and BBLiABLB vohvuK." —Sehootmotter. 

2. A Manuál of Algebra. 

%* These elementary worka on alqbbba and trioomoxktbt are wrltten speoiaHy for 
thoae who wlU háve llttle opportnnity of conralting a Teacher. They are bookn for **bblp- 
bblp." a 11 but the aimplest explanationa bavě, therefore, been avoldeil, and AMiwaas to 
the Exercises are giTen. Any perion may readUy, by oarefal itudv. beoome master of rheii 
cooteiita, and thus lay the fooudation for a further mathematicaí coarie, if detiired. It ie 
hoped tbat to the yoanger OfOcers oř our Mercantile Marině they will be found decldedly 
aerriceable. The Examples and Exercioei are taken from the Esaminatlon Pápeře aet for 
the Cadeta of the " Worcester*' 

%* For complete Liat of OKipmr'i Nactical Siaun, see p. 46. 
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ORIFFINS NAUTICAL SERIES. 



Priců 08. FoH-Jrte. 



ELEMENTARY SEAMANSHIP. 



D. WILSON-BARRER, Mastib Marinsb; F.R.S.E., F.K.G.S.,&a, ke; 

TOUHOXft BBOTBSE OF THX SRIHITT HOVSB. 

With FrontiBpiece, TweWe Platee (Two in Coloun), and niuatrationi 

in the Text. 

GxvKRAL C011TBKT&— The Building of a Sbip; Parts of Hnil, Maits, 
^c.— Ropes, Knota, Splicing, ftc — Gear, Lead and Log, &c — Rúnóng. 
Anchors — Saíhnaking — The Sails, &c.— Handling of Boats nnder Sail — 
Signals and Signalling— Rule of the Road— Keeping and Relie>ing Watch— 
Points of Etiqnette— Glossary of Sea Terms and Phraws — Index. 

%* Tbe Tolnme cuntains the xbw xuLst of ths moad. 

** Thit ADMiKABLB XAKTAU bj Capt. Wilm>k-Ba»xbr of the '' WorcetteT,** Memi to ut 
^BBVBCTLT dkiii«íbdl and h<»ld8 ita plnoe ezoellenUv in * Giuitim'i Nautical Sbbibm.* . . . 
Althoogb intended for those wbo are to beoome OfBoen of the Iferchani Navy* it wiU be 
foand oaefal by au. tachtshjut."— JtAaianrm. 

'' FlTe shlllingB will be wbll anxr on this litile book. Cak. Wn.8o»-BAMCKX knowu 
from ezperience what a young man wants at the oataet of hti career."— Tke £nifin9er. 



Frice Ss, 6d. Posť/ree. 

NAViaATioisr 



By DAVID WILSON-BARKER, RN.R, F.R.S.E., &c., Ac, 

AND 

WILLIAM ALLINGHAM, 

FISST-OUISS HONOURS, NAVIOATION, 80IIM0E AND ART BXPARTXBNT. 

TKIlítb 'Rumcroud ^Uudtratione nnb Biamínation Clucdtíond. 

Gknbral Contents. — Defínitiona — Latitude and Longitude— Instrumenta 
■of Navigation— Correction of Coursee— Plane Sailing — Traverse Sailing— Day*s 
Work — Parallel Sailing — Middle Latitude Sailing — Mercator*8 Chart— 
Mercator Suling — Current Sailing — Position by Bearings— Great Circle Sailing 
—The Tides— Queations — Appendix : Compass Error— Numeroua Uieful Hints, 
Ac. — Index. 

" PascuBi.T the kind of work reqaired for the New Certiflcatee of competency in frradea 
from Seoond Mate to extra Bfaaier. . . . Candldaten will flnd it invaluablb."— Z>tiifcl« 
AdvertUer. 

"A CAprrAT. UTTLE BOOK . . . spedally adaptod to the New Examinationi. The 
Anthora are Oapt. Wilson-Babkxb (Captain-Saperlntendent of the Nantical College, H.M 8. 
" Worcenter/' who has had great ezperience in the higheat problems of Navigation), and 
Mb. Allikghaii, a well-known writer on the Science of Navigation and Nantical Aatronomy. *' 
— SMpping WorUL 

%*For complete List of Qrivfim's Nautical Skbibs, aee p. 45. 
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OBARLES OKIFrm é CO.^B PUBUCATtOHB. 



ORirFIITS MATTTICAL SEBIES. 



Practical Mechanics: 

ApplieJ to tb.e Reqairements of tue Sailor. 
Bv THOS. MACKENZIE, 

GíNEBAi. CoNTUNTH, — Rfsolution anii ComihiaitJoB of Forcea— Work dtins 
by Macbinija aoA Lívitig Agenta— The Mecbuiinl Puwen : Tbe Lever; 
Derrícks as Bent Leven— The Wheal and Axle : WindlasB ; Ship's Ckpatan i 
Crab Winob— Tackles : the "Old Man"— The InoUned Plane; the Sorew- 
Tha Centre of Gravity of a Ship and Cargo — lielative Strengtli of Ropa : 
Steel Wire. UjknillB. Heinp, Coii— Derrick" and Shewa— Calculation of tíie 
Cmu-bnakinR Stniin oF Fir Spař — Centre of Effon oi Saík — Hydrostatics : 
the Diving-bďl ; Stability of Flmting BoÍÍífb ; tbe SbÍp'E Fump, &c. 



, containa a LARoK AUolTKT of infonnation. " 



" Thi3 bxcellent b< 



Shipping 

"No Shipb' OmcBHB' l ._ 

Caftaik Maciuhzie's ' Practical Mechahic^.' Notwithataading my many 

ÍBais' eiperience »t sea, it has told ma hmc ntieh more ihert U (o ocaiiirt"^ 
Letter to tho Publiihera from a Master Marinoc). 
" I mUBt eipreea njy thanks to y ou for tlie labour aud caru you háve taken 
in ' Pkactical Mechanice.' . . . It is a life's experiihce- - . 
\yiiat an aniouDt wa freqnently aee waateii by rigging purchaaeit without reaion 
and accliiínta tu spára, &a., &.C. ! ' Phacttical SlEcoAiacs ' WODLT) RAVi ALL 
TKis."— (Letter to the Authiirfronj anothor Master Mariner). 



Latitude and Longitude: 

Hoiv to Find. ttiem. 

By W, J, MILLAR, C.K., 



" CoNClSKl.V and CLEARLV WRITTEN . . . uaonot but prove an acquiiiCíon 
o thoae Btudyíng říavigation."— .U-iríne Snginecr. 
" Yonng Seamen wiU fiiid it HASríT and o&eruu, simplí and clkab."- Me 



*.* For Complete Liit of GBirnK's Nadtical Series, see p. 43. 
LONDON: CHARLES GRIFFIN 4 C0„ LIMITED, EXETER STREET. STňAND, 



yACTlCAL WOJUtS «» 



Itt Crova Sto^ Uuuísoob« CIo^Il 4^ (Sd. 

THE LE6ÍL DUTIES OF SHIřlASTES. 

BENEDICT WM. GINSBVKG, M.A.. LL.D. (Caxtar), 

Of ťbň Ixuwr ^mpitf and Nortltore ^.ttvtut ; BaurriM«r<«l-lAw. 

General COntents.— THe gualilk-mtiott for the PVMitioo of Sia]MUMt«r-Tb« i\vo 
tnct with xh» ShipovTMr— TlM Master » Duty in r«^i«cl ot lh» iY#w : Sxm«tf«iu«ut ; 
Apprenticfls: DiaciplžiM : FtovúiocM. AvcuMUMtiatkwu ami MvdiciiU i\km(urt» : ři^weiil 
of Waii^» uhí Disclúux*— TIm Mjitft«r's Put; to r«tfiwvC vi th« Fmstmiipvr^— l*h« M)ul«r » 
WímaneiMÍ EapúmaMlitM*— Ttw >taM«ír» Dwty m rh»|wcl ot Ihe i^tf|^>~ Th« MMt«r» 
Daty in Caďe oí Ounaltj— lbe Miister » IHitr to cvrtain FubtUc Autboritk^- Th» 
Master s Duty in r«JAtioa to Pilots. Sx^oaLi, lfW». aml Li^ht Dim*— TIm Ma»t«r'9 IHity 
opon Arriral 1 th« Fort of Di9cbair9e— AppifodioM rvUtirv to ^■iřrtiúu i«tfiU M«tter« : 
Board of Trade CertiAcatiss. Dietar^ :>cal««. Stowagv of iínůn i*]uryo«a. Umd Litt«r Kvyula- 
tioDs, Lifé>«aTinc: Appllanom. Cama««^ of OattI« at S«*, ke., iftc— Cv>|>io«a liKkx. 



" No iBteiltfrenc M«ter shoold fiaU to atM thi* to hi* Itst of vmAiI a»d aicuMafy Ksiik*. 
Th« price (4a. M.) cmanoc be «|Qotc<t as an e\c«90 for Bca-v«M4Hr««k>a, aad a taw Uu«« of i( 
DAT á,kvs A lAWTKKs rms, aiatoss &xihjes» 'mimxx." —Lirtrpi^o/ Ji^iu^mcU ^/ (1mmm^-cv 

'" Sessibls. pUin: j written. io cxkax and xox-TCťaxicAL lanuvaok, and wUl bo found of 
xrcn »azTiCB by tne Shipmaster."— A*t(iM Trmtite Ktrmw. 



FiRST AID AT SEA. 

With Cohured P/ates and Numerous /ltystration9. 6^. 

A MEDIGAL AND SUR6IGAL HELP 

FOR SHIPMASTERS AND OFFICERS 
íN THE MERCHANT NAVY. 

BY 

WM. JOHNSON SMITH, F.RC.S,, 

Principal Medical Offlcer, Seamen'a Hoapltal, Greenwich. 

*,* The attantion of all interest^d In our Merchant Kary ia r^questml tu thik aiceeciinfly 
nseful and Taloable work. It ia n6«idleBs to aay thNt It i% the outoome oť many yaar* 
1^401 iCAL KXPSRíRstK amongst Seameii. 

"SocND, JDDIC10U8. KBALi.T HKLrruL "—Thě Lonctt. 



OCEÁN METEOROLOGY 

FOR OFFICERS OF THE MERCHANT NAVY. 

BY 

WILLIAM ALLINGHAM. 

Joint-Author of " Navigation, Theurotical aml Practical.' 
*,* For Complete List of Griffin'h Nauticai. Skkikh, iiee p. 4r». 
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So 0HARLB8 GRIFFIN é 00.*B PUBLIC ATIONB. 

GRIFFiy^S NATTTICAL 8ERIFS, 

Third Edition. With Numerout íUustrcUioni, Handěome C^oth. Sš, . 

KNOW YOUB OWN SHIP. 

By THOMAS WALTON, Naval Architect. 

fiPEOIALLY ÁRBANOED TO SUIT THE REQUIREMBNTS OP SHIPS' OF7ICSB8, 
SHIPOWNBRS, SUPSRIKTBNDBNT8, DKAUGUTBMBN, BNOINBBBS, 

AND OTHBBS. 

This work explains, in a simple manner, Buoh importiknt 
subjects as: — 

Displacement, Deadweight, Tonnage, Freeboard, Homenti, 

Bnoyancy, Strain, Stractnre, Stability, Rolling, Ballasting, 

Loading, Shiíting Cargoes, Admission of Water, 

Sail Area, ke, ftc. 

** The little book wiU be found exceedinoly handt by most officen and 
officials connected with shipping. . . . Mr. Walton*! work will obUin 
LA8TINO sucoEss, becAUse of it8 unique fitness for these for whom it has been 
vrňtttín "Shipping World. 

'* An EXCELLENT WORK, fiill of Bolid ínstructíoD and invaluablb to every 
officer of the Mercantile Marině who has his profeMion at heart/' — Shippina. 

" Not one of the 242 pages oould well be spared. It will admirably fulfii its 
purpose . . . useful to ship owners, ship superintendents, ship draughts- 
men, and all interested in shipping." — Livtrpool Journal of Oommeree, 

'* A mass of vbrt useful Information, accompanied by diagrams andillus- 
trations, is given in a compact torm.*'—FairpUiy. 

'* A lar^e amount of most useful Information is given in the volume. 
The book is certain to be of great service to those who desire to be thoroughly 
groundedin the subject of which it treats." — Steamship. 

** We háve found no one statement that we could háve wished differently 
•exprrased. The matter has, so far as cleamess allows, been admirablv oon- 
densed, and is simple enough to be understood by every 8eaman."~jvarme 
Engineer. 



By the Samb Author. 
In Preparation, 

THE C0N8TRUCTI0N AND MAINTENANCE 
OF VE88EL8 BUILT OF 8TEEL. 

*^* For Coniplete List of Griffin's Nautical Seribs, see p. 46. 
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GJSOLOOT, MINING, AND METALLURQ7. 51 



§§7-8. 6riffln's Geological, Prospectíng, Mining, and 

Hetallurgical Pnblicatíons. 



Handsome Cloth. Fully Illitstrated, Post Free. 



f9 



PhICK 

Geology, Stratigraphlcal, H. Ethbbidoe, F.R.S., . . 34/ 
Physieal, Prop. h. G. Seelby, . .18/ 

Praetieal Aids, 3rd Ed., Prof. Grenville Oole, 10/6 

„ Open Air Studies, . n >y 8/6 

Griffln's **New Land" Series 1 x^j u t> r. 

for Prospectoi r ^ ^y ^^"'^^"'^^ ' • - 

1. Prospeeting for Hinerals, S. Herbbrt Coz, a.RS.m., . 5/ 

2. Food Supply, Robt. Bruče, .4/6 

8. Building* Construetion, Prof. Jas. Lyon, 

Ore and Stone Hining, 2nd £d., Prof. Lb Neye Poster, . 34/ 
Coal Hining, 3rd Ed., H. W. Hughes, F.G.S., . 18/ 

Petroleum, .... Redwood and Holloway, . 46/ 
Hine-Surveyingr, 6th Ed., . Benneit H. Brouqh, A.R.S.M., 7/6 

Blasting and Explosives, O. Guttmann, A.M.I.C.E., . 10/6 

Hine AecountS, . Prof. J. G. Lawn, .10/6 

Metallurgy(GenenUTi|atise>p^,^„3^„B^^,^^^^ 35^ 

,, (Elementary), Prof. Humboldt Sexton, 6/ 

Assaylng, 4th Ed., J. J. <fe C. Bbrinoee, . 10/6 

Griffln's Metallurgical Series {^^c.B.,^fTs^"^ 

* • ^^\SSr^H?h Ed "®*^^} Pbof. Roberts-Austen, . 16/ 

^" ^3?d Ed®*^"^^y ^^» }dr. Kirke Rose, A.R.S.M., 21/ 

8. Iron, Metalíurgy oř,. Thos. Turner, A.R.S.M., . 16/ 

4. Steel, „ F. W. Harbord, a.rs.m., 

5. Silver and Lead, „ . H. F. Oollins, A.RS.M.. 

6. Hetallurgieal Hachinery, H. C. Jenkins, A.RS.M., 

Gettingr Gold, 2nd Ed., . J. C. F. Johnson, F.G.S., 

Electric Smelting and I borchers and McMii^lan, 

Renning, . . . j 
Electro-Hetallui^fy, . . w. G. McMillan, F.I.C, 
Goldsmith and Jeweller's Art, Thos. b. Wioley, . 

LONDON: CHARLES GRIFFIN A GO.. LIMITED. EXETER STREET, STRANO. 
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Démy 8vo, Handsome oloth, 18s. 

Physical Geology and Palsontology, 

OJV TEE BASIS OF PHILLIPS. 

BY 

HARRY GOVIER SEELEY, F. R. S., 

PROPBSSOR OP GSOGKAPMY IM KINCS COLLBGB, LONDON. 

Wtcb #tonti0piece in Cbromo^XítbOdrapbc, mm }UuBtratton«. 



** it 18 unpossible to uraisc luo highlv ttie research wbich F&OFESSOR SEELET'ft 
* Physical Geology ' evidences. It is fak moke than a Text-book— it b 
a DlEBCTORY to the Student in prost cuting his researches." — Pretidentiai Aď 
dras lo the Gtological Society ^ 1885, by Rev. Proý, fíonney D,Sc, , LL. D, , F,R,S, 

'* Professor Seeley maintains in his * Physical Geology ' the higfa 
reputation hc al»"cady deservedly btars as a Teacher. ** — Dr, Hinry Wo^ď 
wardf F.R.S.f in the ** Gtological Afa^agmi,** 

** Professor Seeley*s work includes one of the most satisfactory Treatisct 
on Lithology in the English language. . . . So much that is not accessilile 
in other works is presented in this volume, that no Student of Geology can 
aflord to be without it." — Americéífi JoumeU of Engineerimg, 



Démy 8vo, Handsofíte cloth, 54*. 

MtigrapMcal Geology & Paleontology, 

0^' THE BASIS OF PHILLIPS. 

BY 

ROBERT ETHER IDGE, F. R. S., 

09 TMB NATURAL HIST. DBPARTMBNT. BRITISH MUSEUM. LATI PAL.AOKTOLOG1S1 TO ' 
CBOLX>CICAL SURVKY OP GREAT BRITAIN. PAST PRBSIDBNT OP THB 

CBOLOOICAL SOCIBTY. BTC. 

tmitb Aapt tlumetoud ^Tabicdt anb Z\Axv^*^\x plated. 



*' N* tuch compeodium of geological knowledge has ever been brought togtthcr bcfora.**— 
WšMwtintUr Rtvimn. 

" If Pkqp. Srblby'8 volume was remarkable for iu originality and the breadth of iia viewv 
Ur. Etvbridgb fullv justifies the assertion made in his preCace that hic book differs ia or 
itructioa and detail m>m any known nuuiual. . . . Must taká high bank amomg wo»í 
OP RKr&KE\cK,''—Athďn4rum. 
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ITorks ^ GBENTILLE A. i COLE. ■.K.LA.^ F.Q^ 



PRAGTIGAL GEOLOGY 

Bt PROFESSOR GRENVILLE COLE. M.R.LA., F,aSs 

THimo EzxnON. Rmsed isč m part Ke^wnuen. Wiih Krvsňl».*|vtvr 



OXKXRAI. CONTXNT&^ 
PART L— Sampuhg or ths EArnťs CitvsT. 

PART II.— EXAMIMATION OT MUiEKALS, 
PART nL— EXAMQCATtON OT ROCKS. 
PART IV.— EXAMINATION OT FOSSILS. 



FreC. Cole trcaa of tke cnaimioa of muMcmU aad rocks w a mr tlMt kM mimi 
beiorc . . . oKsntTuic ov mm mignsst pkaisb. H«rt i> 4t t d «r« 



Aids* i>«uw a »i» aad iktauiablb. AB lbe d i wctio t ara fiT** viúi úm 
''Totke 



r uMg c i w wkq* ía GcokcT. Praf. Cblc*s book wil b» as iMMsrsMSAmui m • 
to tifeelnrBCfs of a '"^"^f ■í^j t^ ^ mtm^mi ir#w«#tp 



"Tlat the wock dcaerres its tidc, that it á ftttt of *AiDS,*aB4 ui Úm WcWmI dcgMO 
* rKACncAL,* vin be the vcrdict of aU wko um it.'— A*«iMrv. 



Mancal . . . win ba A mT gsbat mblp. . • ■ The «ectk>n 
«■ tbe *'*— ^"■•^^ of FooQs is probably tJbe mbt of ita kiad yct p«blbboi. . FvLL 

^ wdl-dígcsted iaÉBnaatiíMi fraai the ■ew«« aovroca aad froa paiVnaal resaarc)u''~/C*««/t 



OPEN-AIR STUDIES: 

An Introduetíon to Geology Out-of-doors. 

By PROFESSOR GRENVILLE COLE, M.R.I.A., F.G.S. 

IVi/A 12 Full-Page lUusttxttions fri>m Pkotographs, 

Chth. 8j. 6ť/. 

For details, see p. 86. 



Edlted by PROFESSOR COLE. 

The '^New Land" Series for Colonists and Prospectors 

(See next page). 
LONDON: CHARLES 6RIFFIN A CO., LIM.TED, EXETER STREET, STRANO. 
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The "New Land" Series 

Practical Hand-Books 

For the Use of Prospectors, Explorers, Settlers. 

Colonists, and all Intepested in the opening: 

up and Development of New Lands. 

EDITED BY 

GRENVILLE A. J. COLE. M.K.I.A., F.G.S., 



Vol. 1.— PROSPECTING FOR MINERALS. By S. 

Hehbert Cos, Asboc.R.S.M., W.Inst.M.M., F.G.S. {p. 6S). 
Vol. 3— FOOD STTPPLY. By Robert Bruče, Agricultutul 

Su peřin ten cient to tlie Eoyal Dtiblin Society. With many 

Engravinga froiu Pliotugraphs illuetrating chc eliief Breeds 

of Catile. Slieep, Piga, Poultry, dtc. 4s. 6d. 
Obnbbal Co n ten ins. — Cli mate aad Soil— DraÍQdge and Hoiation of 
Grupa— Seedi nnd Ccops — Vegetublra uid Fruits— Cattle aod Catde- 
Breedinj—Sheep »nd ."iheop-Roaring—Figi— Poultry — Horsoa— The Dniry 
— Tha Fsrroeťb ImplemeoU— The SeCtIer'B Home. 

' APrurUoJ Uunl-btwk rot Vtíx OH of GdIdoIMi inri ('mimrn, bjr ont of tts ablut. 



Vol. 3.— řTEW LANDS AND THEIR PR03PECT1VE 
AD í ANTAGES. By Huon Robert MIL^ D.Sc, 
F.R.S.E., Librarian to the Royal Geographical Society. 

Vol 4.— BUILDING CONSTRUCTION is WOOD, STONE, 
AND CONCRETE. By JaB. LroN. M.A,, Profeseor of 
Engineering in the Royal College of Science for Ire land ^ 
aometime Superintendentof the Engineering Department i n 
the University of Cambridge; and J. Tayloh, A.R.C.S.I. 



V Other Volumes will follow, dealing with Bubjects of 
Prihakv Ihpurtancb iu the Exauination and Utilisation of 
Lands which háve not as yet Iteeu fully developed. 

LONDON : CHARLES GRIFFIN 4 CO.. LIMITED, EXÉTER STREEr, STHAHD. 
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GRIFFIWS "NEW LAND" SEBIES . 

Kow Ready. With Illustraiums. Price in Cloth, 5«.; slrongly bound in 

Ltather^ t)«. 6d. 

PROSPECTING FOR MINERALS: 

A PRACTICAL HANDBOOK 

For Prospectors, Explorers, Settlers, and all interested in the 
Opening up and Development of New Lands, 

BT 

S. HERBERT OOX, AssocRS.M., M.Inst.M.M., F.G.S, Jřc. 



General Contbnts. — Tntroduction and Hints on Geology — The Detennma- 
tion of Minerals : Use of the Blow-pipe, &c — Rock-forming Mmerals and Nou- 
Metallic Mmerab of Oommercial Value : Rock Salt, Borax, Marbles, Litho- 

Saphic Stone, Quartz and Opal, ko. . ftc. — Precious Stones and Gema — Stratified 
eposits: Goal and Ores— Minerál Veins and Lodes — Irregrular Depodts — 
Dynamics of Ixxles : Faults, ke — Allnvial Deposits — Noble Metals : Gold, 
Platinám, Silver, ftc— Lead — Mercury— Copper — Tin— Zinc— Iron — Nickel, 
&c. — Sulphur, Antimony, Anenic, &c.— Comoustible Minerals — Petroleum— 
General Hints on Prospecting — Glossary — Index. 

"Ihls ADXIRABLB LITTLR WORK . . . WTitten wlth 90IINTIFIC ACOURAOT bl a 

OLK «R and LUOID style. . . . The Author has had oreat expkbibncb, and hts woik 
is undoubtedly ao important addition to technical literatuře . . . will be of talne 
not only to the Student, bat to the experienoed Prospector."— JfinitHJf Journal. 

Skoond Edition. With lUtutrations. Cloth, 3«. 6d. 

GETTING GOLD: 

A GOLD-MINING HANDBOOK FOR PRACTICAL HEN. 
By J. O. F. JOHNSON, P.G.S., A.I.M.B., 

Life Member AusirslasiaQ Mine-Maiuigers' AssoeUitioa. 

General Contents. — Introductory : Getting Gold — Gold Prospecting 
(Anuvial and General)— I-.ode or Reef Prospecting — The Genesiology of Gkild — 
Auriferons Lodes — Auriferous Drifts— Gold Extraction — Secondary Processes 
and Lixiviation — Calcination or ** Roasting " of Dres — Motor Power and its 
Transmission— Company Formation and Operations — Rules of Thumb : Mining 
Appliances and Methods — Selected Data for Mining Men— Australasian Mining 
Regulations. 

"PRAOnCAL from b^nnlngtoend . . . deals thorou^hly with the Prospecting, 
Sinking, Crushine, and Extraction of gold."— Brit. Atittralanan. 

** Directon and those interested in the formation of companies wonld do well to pur- 
chase Mr. Johnson's book."— Jfintnj^ Journal. 

" The reader, be he miner or novice, will gain from Mr. Johnson'8 book a grif of the 
gold indusiry. "—jyrťcan Critie. 

*' Should be specially commended to all who háve any idea of prooeediDg to the gold 
ůelds. "—Financial Truth. .... M 

" The most striking elements are the numerous ' tips ' and useful wrinkles given. 
— Sta/ndard. 



LONDON: CHARLES GRiFFIN & CO.. LIMITED, EXETER STREET, STRANO. 

3 



OBARLSe ORIFFIN * OO.S PUBLICÁTI0Í18. 



ORE & STONE MINING. 



C. LE NEVE F03TER. D.Sc., F.R.S., 



D EDITION, With Froi 






-Tkt Mi^ngJruTik 



I 



GENERAL OONTENTS. 
INTRODUCTION. Móda of Oecurrenee Of HlnerKlS: CLuBJfialion: Tabulu- 
Dcponu, Mum— Exunplei: Alum, Amber, Antímonv. Anenin. Aihealat, Aipfaall. 
BuylH, Borax. Baria Aaid, Cirbonic Acid, CUy. Cobtilt Ore, Coppcr Oi«, IJiunond^ 
Klinl, Preslons, (iold Oře. draphiu, Gypium, Ic«, Iron Oře, Líul Oře. MuiruwM 
o™, Jlioi. Nalaral On- Nilnta <A Soda, Oiokcrite. Pttroleum, PhmpK " ■•• 
Potaaňuni Salu.Quioluil>er Oře. Salt. SilorOra. Slale, Sulplioř, Tin Oř 

Paolta. ProsPMttnK: Chanae Diir " '•' - "*■ ' 

Quide to Mincřali— Anoraatod Mim 

BorB-bolís— Molhodíof Boring Hole.. .. _,, , ,., _j _ _ 

iii. By PsrouHion wilh Kope. BrealdOK flround: Hand Tooli— Miehine:, 
Tnnuniuion of Powei^ Eicaiatiiw MighingrjF : i. SMam Oiiii*n. )i. Dredňa, 
Ui. Rook UrilLi, iv. Machinei /orOuUinn Oroova, v. Maehints ftíř TanndliiiR— 
Uodei of luini Halei— Dřiiing and Sinking— Fire.«»ttiO(t— Eicavuinn bv Waier. 
SuppOFllns BzeavatlDQi: TimberinK— Haunír— Ucultic řtnpporU— Wateřtlsbl 

.=_,__ =___._. ,. ,-....,... "■OTk.:-Hvdr»ulio Minioi!- 

[inetali by Well> and Bořo- 

„ . - „- Haulaň oř Transport : 

UndlřKřoundl by Sliooti, Pipn, Pertoni, SlcdRe^ Tehicl». Kul«*]r>, Marhinerr, 
Boati— Connrance abovs around. RoUtlng or WlndlnK: Moton, Drumi, and 
Pnlley Pramn— Hopei, Chůn, and AttaohmmU— Receplaoles-Olher Appllanceř— 
8BhtrAppliaiii>»-Te<itinKKsp<s-PneuinatlcUoiitÍiiK- DrBlnago:" - — 
-Danui-DnúnMe Tunn«l.-8iphoii.- Windini; M«chmffy ^iin 



„ .-r_ .. __o: SurfiíceWi, 

_.__ _..>inue Tunneli-Siphoiu-Windini; Muchinfřy --Fiimpiní F.niii... 
■ ground— Pumping Knuinea b«low jtroanď-Co-opeřBlire Pufnping. VantllA- 
: Atmoaphere of Mine*— Caiun of PollutiDn or Air—Nilunl Ypntíratian— 
Anifisial Tentllation : i. Fumaoa VaDtilalioa, ii. Uechauioia Vf-niilMiian-T«di 
Um QuBlily of Ali^Meaturinír lbe Qiuntity and Prewi ' ~ ' 



'S, 



TentílatinK Appliancw— ReMitanoe cauwd by FnotÍDn, Llg^tlDE: Reflectad 
DwHkIiI— CandlM— Tořohíř-Lampi-Wfllla LisliV-^afely Lunpn— Oat— Eleetrio 
Uifal. DsuBntmnd AiGBDt: Steňand 31idei— Laddera— BuokeU aodCtge*— Man 



Bnšlna. DraiilnE: ■- 
Propertiu— iii. Cbemicai ir 
— LaglslRtian KtTeetlnK I 



'rocHwa ii. ProcniHi depeoďinc on Pbi^oal 

Prlnolptei oř BTnploymeDt orHInInsLabOup 
nd Quarrlei. Čondltlon of the Hlnar— 



■*»'lrtřtiř'' " 



ELEMENTARY MINING AND QUARRYING 

{An Inlrodjctory Texl-book). 
Bv PaoF. O. LE NEVE FOSTER, F.R.S. 

In CrawQ Svo. ^Vith Illaitntioiu. {Sktrrtíg. 

lOHOON: CHARLES GRIFFIH & CO,, LIMITED, EXETEfl STREET, STRUHO. 



WORKS ON MlírUfO. 



■COAL-MINING (A Text-Book of): 



HERBERT WILLIAM HUGHES, F.G.S.. 

Auoc. Rnyil SchCKiJ of Miaei, Gincnl Uuuter dí Sandwell Fuk CoUicry . 
Third Edition. In Demr Siv, Handsemt CMk. WHA vtry Nimitrt^ 



lUuttratiitnSi moilly rt 



*ctd fnm Woriing Dratnings. 



I 



"Ttac deuils of coUiery work háve been fuUy ducribcd, i 
sollieriei are more oftenmade REiiVNEiiATiVEb)'PEKrECTioN m av 

'than by bold iirokcs arcnglneeríng. . ■ . Il frequenlly happen! 
localillei, Ibai the adoptíon nf ■ combination of smail improve 
wbicb riewecl scparalely may be of apparenlly litlle vsiue, tunis a 

-conctcn inio n paying one." — Eilract frcmt Auí/ÍBr'i Prtfaa. 



gtound (hat 
in parlicular 






GENERAL CONTBNTS. 
Bocki 'Fiulu-OKler of SuccetuoB— Oiibouilerin 
~ ~ Kwn <si C»l-auiiGaIian ud Canu 



Bawoh rorOsal: Bonni— >míoiu appILincei uxd— Denm coiployed to idc« DIRiculiin 
of dcep BoriDH— SpH!Ísil melhodi of Monne— Malbtr & PUlť*, Adibiicui, 'Qd DijkUKmd 
dMna— Acddenu in Borinc— CoM oř BormE-Uu of Boreholu. Bnaklug aronDd' 
rosk— Tmiutdiaisn of Pewcri CoupiEBcd Air, Ekctridly— ťa*« Hnhlnt Drillt— Coil 
Cullinc by Michinn—CoH -Á Coil Cutline~EipUwif»-Bluriii| in Diy ud DuKy 
Hinn-BlisinE by Electricinr— Vinnui meUiodi \a lupeneds Blottiu, Blaklng; 
Pmiuoo, Fgnn. taiSas of iWi— OpciUion of gttUoa down to " SloD-^hud"— Methsd of 
freoeedini afterwinla— Luitng thifK-KeepioE aut Watn- by Tubbii«— CoU DrTubtíni— 
'Sinking lw^BDrÍDf-'EÍDd-Cluudroii, and lipnunia melhodí— Sinkijlf throuch QuicVjHod* 
-Coii orSinkiut. PralUnliiBn 0|)«nttlaBa : Dtivine undf ririiund Rouli— Suppanini 
RdoF: TinbfriDI, Chockl or Con. Iton and Sl«l SuppoiU and Mudbit— Amnccment of 
[■Hi. HaUioda of WotMiic Shifi, Piilu, ind SuUidcDCí— Kord and PiUarSyiKB- 
Laaoíhin M«had— LoncinU Mdbod— DouUs Suli McUind—Wcrkínc Suwp Sraiu— 
Workinf TKick Scuna^Workinc Sunu Jying neu- logctber— Epoianeout CoubnilioB- 
Haolaga: RuJi^Tuls-HauUge by Hsnet— SclTuctiiii Inclino— DirKI-aclÍD( Haalaň 
— Maio ind Tli] kope— Endl«4 Chain - Eadltu Ropr-CompMÚoú. W1ii31b|; Kt 
Fiames- Pulleyl— Caiu-Rap»— GuidEI— Enginu— Dnl1a•~Bnkc•-'CouBtcrba]udIl|— 
eI|l■lnHan— CmdeiuaUDn— CoiDpDuiid En^no— FrEVmIion of Orcrvindini— C^ichei « pil 
top— Changiní Tubt— Tub Coniroilen- Sipialllng. Pnmplng: Buckct and Plunger 
Pumpl — SupinRinK Pipei in SJíafl — VaivcI— Suipeadsd Wa for Sbking — Comilh ind 
BnU Enrinei—Dairty difrereniíal Eniinc- 
Pudipa— Dmning Dece Workiogi — Dam 
•Gaid mtl wlih ia Minu— Csal-duU— Lawa of Friclion— Produci 

NaiuniL VcíHilaiioi " 

' ~ nacu and Faiu— Diitnbutioa o 

u: Nakcd Lirhu - Safftv L; ,- 

,__ ergrouBd—Dc _. . 

ikuig— f oal Cogvcyan-Woik>hap>, Prapaiatloil 
-Típplcn— Scnena— Vaiying t^ " 

















Bt1»- 





Tcat-book on Coal-Mining i> a (treal dcridcratum, 
u.a qUALincAiiam foi nippijing iL , . . Wt coi 

r. HucMíii tus had oppaitunidn for iludy and [íie 
nwn. ff WC miMakE nol. hii lut-book wiU mon 
IDWOKIE ofiU Yiai."—B\trHÍII^iam Daily CaMtlb. 
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AND íTS PRODUCTS: 

A PRACXICAr. XREAmSE:. 

BOYERTON R E D W O O D, 

F.R.S.E., F.I.C., A8BOC. I^sT. C.E., 

Ldd. Coit, Mem oř llic Imparlul RiMliii TccliDlal Swl^lr . M«ui. nf ttif Amarjcui Chemici 
SocMr ■ CoDinllini Adilier id Itie CorpontluD o[ Lotiiluii luul^r iha 



In Two Volumes, Larga 8vo. Price 468. 
IRlltb Vunieioud itsape. IMatee. aiiť ^Llustratione in tbe Ceit 

QENERAL CONTENTS. 

L Gmim-oI Hlstoiic&l AccDUDt of vm. Transpon. Storaee. iiiid Dia> 

tbe Petroleuiu IndustiT. trlbutloc ot Fstroieum. 

n. Oeologlca] and Geosiaphlcal IX. Testlng of Pelroleam. 

DlBtrlbutlon of Petroleum Emd X. AppllcallOB And U>»a of 
Nataral Ooi. Fetroleam. 

in. CUemlcal and PhjBlcU Pro- JX LeglBlatlon on Fctrolcom at 

pertlea of Fetroleam. Home and Abroad. 

VI. OrlglnorFetraleom andNatural ZH. Btatlstlca of the PetToleim 
Oaa. Productlon and tbe Petroleum 

V, Froductlon of Petroleum, Trade, obCained trom tli* 

Natnral Qaa, and Ozokerlte. most truBtirortliy and ofllalal. 

VL Tbe KeOnlns ot Petroleum. sanrcei. 

VU. The Shale OU and AlUed In- 
duitrlei. 
" The UUST COMPBIHENSIVE AMD COHTEMENT ACCUUKT tbat bu yet appeand' 
of a ^gantic ioduatr; which bai njadr mcalculalile addÍCioii» to tbe comlort oF 
civUised man. ■ . . Tbe chaptcr dealÍDg witb the amneeDieiit for BTOiuaM, 

' - - ' IKTKmaT. . . . Tbe DIOIBT of LMia- 

řeof theOBEATKST UTILITV." — 'J ht TitKO, 

ilBLTloN to our technical titerature. "~ CArmimí JVooi. 

' stAMiABU WOHK . ■ . íh evEiy way kxqellkht 
, . mixt fuUy and ably fauniUed . . . cuulil ooly háve been pmdncedi 

by a man in tbe very Mceptional poaitioo of the Author. . . . Indispbk- 
SABLi to all wbo háve to do irith Petroleum, ita afFlIcaTIOMS, UAKDrACTDBR. 
BTORiCE, oř TRANSPORT."— J/inínií Joiimal. 

" We most ciincetU to Mr. Redwood the dútinctíoii oF bavins prodnc«(I a- 
treatúe wblcb must be adraittei! to the rank of the [nvibpeneasleb. It eon- 
taiui TUE i^AHT HORD Chat can be eaid abnut Fetmleum in any c ' ' 
TKCBNiCAL, and LIGAL aipecu. It would be difficult to con 
comprebecBÍve and explicit aocotmt ot tbe í^eulogical coDdÍtÍon> auuciated with. 
the BDFPLt oC Petroleum and tbe lery prattical quettinu of ite ahodht uii' 
ow." — Joumař of Otu Lightms. 

LONDOH: CHARLES GRIFFIN t CO., LIMITED, EXETER STREET, STRANO. 



I 



vones OH Mtyiyo. 



MtNE-SURVEYING (A Treatise on): 

For ths un of Managert o/ Minei and Collieriet, Studantt 
at thů fíoyal Sohoot of Mineš, ic. 

By BENNETT H. BROUGH, F.G.S., AaSOC.RS.M., 

FormFtly tounidu oí UinE-SurTeTÍii(, Rayil School of Mino. 

Wiih Diagnou. SlxTH Edition, liniaiged anii Kevised. Clolh, Ji. 6iL 

GmiíAL CoNTENTs 



Survcring wilh ihe Fiícd Nwdle— Geraian Dul— "ITieodolile— Třaversirg Uoder- 
^rtjund— 5iurfact-Survey9 iňih Theodolite — Plolling Ihe Suivey— Calcu' 
Areai— Le*eUing — Conneclion of Underground- and Siirface-Surveji— f 
Dúuncej by Třlescope — Seliin^-oul — Mine-Surveying Probírali — Mini 
ApplicalioM DÍ Magnefic-Neídle in Mining — PholographicSurvfying— '-í/;«iíJřfřj, 

"HurlovuiiUtUa VAI.UAiil.(Tcit-biK>k: Ihc i»íT, if ncl Ifac aoly one, in ibE Engliih 
lnBIuaaeon ihe Iab\vrt.'—Mini«r ynámiL 

'■ ŇĎ En«Uih-^peikin| Muie A«cnl ot Miiini SludfDt wiU CBOtidci his l«l»:icil libnrr 



■argý Sve, with Iliusírations and Folding-PiaUs. ii 

BLASTING: 

AND THE USE OF EXPLOSIVES, 



Bv OSCAR GUTTMANN, Assoc. M. Ikst. C.E. 



GHNSSAL Ci 
der — Vaiious Powder-miiliioa — Gun , 

Othei Nilro-conipounds— Sprengel'' Liqiiid (acid) Esplosives -Olher Mfans of 
BlaslinE— Qualities, Dangcrs. and Handling of Explosivea— Choííe pf BIuIít.e 
Materiab — Apparaius for Measuring; Force — Blasting in Flery Minci — Means of 
li^niling ChargB — Prepaiation of Blasts — Bore-boles— Machine-dríllin^ — Ctiajnbet 
Mines— Charging of Etore-holes — Detetminalion of tbe Charge — Blaslmg in Bore- 
holes— Fiiing— Slniw and Fuie Firing— Elcclrical Firing— Suhslitutra tor lilKirical 
Firing— Resulls of Worlting — Varioui Bkiling Opcralions— Quarijing— Blmling 
Matonry. Iton and Woodeii Slruclures — Blasung in carlh. undrr walei. of ice, &c. 

' Thii UHUiau •rDrk.'-~-PDfll'T> O-Hirdiiin. 

-ShouM ;<e» a i«a>-»A kw u> Miniie Enfincen ud a11 cngi«ed In piaciiui work. 

LONDON. CHAHLE3 6RIFFIH A GO., LIMITED, EXETER STREET, STRANO. 



6o CHARLES GRIFFIN á, CO.'S PUBLICATIOSS. 

NEW TOLUHE OF ORIFFIN'S HININQ SERIES. 
EcUt«d br C. !.£ HXVE FOSTER, D.Sa,, F-R-S., 

H.M, IntiHOlor o/ MliHi, Pnftnot ef Ulnlng, Regál Sehool •>/ Mim. 

Mine Accoiuts and Mining M-keeping, 

A Manuál for the Use of Students, Hana^ers oř Hetalliferous 

Hlnes and CoUieries, Seerataries of Hlning Companles, 

and others Interested in Hlning. 

WiTH Numanous Exakipleb taken mom thk Acitual Practick 

OF LKAOINC HIIKINC COmPANIKS THROUOHOUT THK WORLD. 

JAMES aUNřiON LAÍVN, Auoc.aS.M., Aiaoo.MBm.Iuít.C.E., F.G.S,, 

ProTHKir ot Mtnlag il ibfl Souib Arrlcmi ScbooL ol MInti. Uipwowa, 
KImberleT, ud JotuDonburi. 
/n Large 6eo. Prke lOs. W. 
CBHERAL CONTENTS.-tntroductlan. Pnrc [. EnKseemant and Paymenl ot 
WOPkmon— U»" liotírmininí Ornii AniiHipl dui M WorUBno— A. UDiIll uf Tlnie W«li<>i 
-OTanima— B, AoiimnE cF WoikUou-Slnklnii iiid Dilrlna-Eiplalutlon-Mldliig 9cs'e*— 
)(a<iaciiUHi>~C VnJiii ol Mlofril gDiieD-DwlBcLIoDťPn-ShMti. Una-Bllli, in" Fir- 
Tlclisl* Part II. PurehMMftnd Salai-PnnihaaiiidDlitribaliDa {(Staral— Booki vid 
Fonoi RalaUnc Uiinto— Silu uf PradBct-Hoibwli of 8iiJa-Ooiitr»o«— T«id«r— Delhrerr of. 
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DfCMB, The lontH nwl In Ita1> canBtoilati br lbe Os Bnn ConipanT are obiiwn in uImm. 
... — . ._.. .. ..|j UookkaeplHB, proimil/ •o-called. o(« mlDlnit tompinír, AU dauU* 



LOKDOH: CHMLES SHIFFIN « CO., lIMiTED, EXETER STREET. STUND. 



METALLURQICAL WORKS, 6f 



Third Edition. Wiih Folding Platet Aad Many lUattratioiM. 
Large Sto. Handsome Cloih. 368. 

ELEMENTS OF 

MeTALLURGY: 

A PRACTICAL TREATI8E ON THE ART OF EXTRAGTING METALS 

FROM THEIR 0RE8. 

BY 

J. ARTHUR PHILLIPS, M.Inst.O.E., F.C.S., F.G.S., Ac. 

AND 

H. BAUERMAN, V.P.G.S. 



Refrmctory MaterúdB. 
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Aluminium. 


Mercury. 
Bismuth. 


Copper. 


Tin. 


Lead. 



GENERAL CONTENTS. 

Iron. 

Cobalt 

NickeL 

Silrer, 

Gold. 

Platínum. 

*»* Many motablk additions, dealing with new Procesaes and DeTelopmenU* 

will be found in the Third Edition. 

" Oř the Thibd Edition, we are still able to say that, as a Text-book of 
Metallurgy, it is thb be8T with which we are acquainted.**— i?h^ineer. 

'* The yalue of this -work is almost ineitimaUe, Tbere can be no queetion 
that the amount of time and labour bestowed on it ie enormous. . . . Thert 
is certainly no Metallurgical Treatise in the language calculated to prore of 
meh generál utility."— 3ftfit>H7 Journal. 

** In thia moet useful and handsome volume is condensed a large amount of 
▼aluable practical knowledtre. A careful study of the first division of the book, 
on Fuels, will be found to be of great value to every one in training for the 
practical applications of our scientifíc knowledge to any of our metallurgical 
operations. " — A theiueum. 

" A work which is equally valuable to the Student as a Text-book, and to the 
practical Smelter as a Standard Work of Reference. . . . The Illustrationa 
are admirable examples of Wood Engraving." — Chemkal Newt. 
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1. IBrTBODUCTION to the STUDY of METAIiIiTTBGY. 
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2. GOLD (The Metallurgy of). By Thos. Kirks Ros£» 

D.Sc, Assoc. R.S.M., F.I.C., of the Royal Mint. Third Edition, 
2IS. vSee p. 64.) 

8. IBON (The Metalliirgy of)- By Thos. Turner, 

Assoc. R.S.M., F.I.C., F.C.S. i6s. (See p. 65.) 



IViU be Publishtd at Sh^rt Intertmls. 

4. STEEL (The MetaUupgy of). By F. W. Harbord, 

Assoc. R.S.M., F.I.C. 

5. SILVBB AND LEAD (The MetaUupgy of). By H. F. 

COLLINS, Assoc. R. S. M. , M . Inst. M. M . [At Press. 

6. METALLUBGICAL MACHINEBY: the Application of 

Engineering to Metallurgical Problems. By Henry Charles Jrnkins, 
Wh.Sc, Assoc. R.S.M., Assoc. M. Inst. C.E., of the Royal CoUege oí 

Science. 

7. AIjLOYS. By the Editor. 
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GBIFFIN^S METAIiLUBGICAIi SEBIES. 



FouRTH Edition, Reviscd and Enlarged. Price 15S. 

AN INTRODUCTION TO THE STUDY 

OF 

METALLURGY. 

BY 

W. C. ROBERTS-AUSTEN, C.B., D.C.L., F.R.S., 

Associate of the Royal School of Mineš; Chemist and Assayer of the Royal Mint; 
Professor of Metallurgy in the Royal CoUege of Science. 

In Large 8vo, with numerous lUustrations and Micro- Photographic Plates 

of different varieties of Steel. 



The Belation of Metallargy to Chem- 

iitry. 
Pbysical PropertiM of Metals. 
Alloys. 

The Thermal Treatment of Metals. 
Fnel and Thermal Measnrements. 
Materials and Prodacts of Metallur- 

gioal Frocesses 



GENERAL CONTENTS. 

Fnmaoes. 



Means of Snpplying Air to For- 

naces. 
Thermo-Chemistry. 
Typical Metallnrgical Processes. 
The Micro-Stmeture of Metals and 

AUoys. 
Economio Considerations. 



" No English text-book at all approaches this in the completeness with 
whicb the mosií modem views on the subject are dealt with. Professor Austen's 
volume wUl be inyaluable, not only to the student, but also to those whose 
-knowledge of tht art is far adranced." — Chemical News. 

" Inyaluable to the student. . . . Rich in matter not to be readily found 
•dsewhere. " — Atkin€tum, 

" This volume amply realises the expectations formed as to the result of the 
labours of so eminent an authority. It is remarkable for its originality of oon- 
ception and for the large amount of Information which it contains. . . . We 
recommend every one who desires information not only to oonsult, bot to STUDT 
this work." — Engineering. 

" Will at once také front rank as a text-book." — Science amd Art. 

" Prol RoBERTS-AusTEN's book marks an epoch in the history of the 
of metallurgy in this country." — Industries. 
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GENERAL CONTENTS. 
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'' A HOST TAMMBE.U suHUAHT of Dasful iLDowleilgi rekting to «v<r]> tnalbod ind 
tURa in tha iDuiofactQra of uat ind WTDugbt Iroa down ID tbepraHiit moniBit , . . 
ptrtícalirlf ricb in chemical deUila. . , . An rxiiau^its lod reallt HEariEii 
eompilation bj a host capahli aiid THottououLi- uf-todatk metallurgicnl 
anthoritj," — Bulletin ofUif Amervan Iron nnd .'•tcel Aiiocialivn, 

" Tbiaii A DRLioiiTFiiL BcioK, gÍTÍiig, as it dou, reUabta lofbnnation on a lubjact 
bacoming aver; da^ mora alabonte. . . . The account of lbe obiaf irao oraa i>, 
lika the raaC ot ttais work, rich in ďsUuJ. . . . Fouadrf Pnucica hss beea mide 
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DATU. Tba lOttlor bu prodUCed nn lUflHENTLT HKADABI.n BOOK. . . . Wlllt- 

arai ha dcHiibea. ba deacríbas well. . . . Tbera ía mncii in tbe waik tba[ will ba 
of QBEAT TAi-DB to Ibose angsged in [ba iron indmtrj." — Uining Jaamal, 
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INORGANIC CHEMISTRY 

(A SHORT MANUÁL OF). 

A. DUPRÉ. Ph.D., F.R.S., 



Sbcond Edition, Revised. Crown 8»o. Cloih, 7s. 6d. 

" A Wen-«rit1c«. dťar and SUCUTaif Ebmcúfary Maniti of Inorfiaic ChomutrT' . 
Vígret heHnÍI:r m the tyitem adoplrd by Dív Duprtand Hake WiLL HAKI Ex 
KHTAL WoHIC TUILV IHTItUTINC IKAUSI 1 HTILLI C I * LI. "— ^SMrEb^ KmrW. 

"Thnx il BD queiBon lli»l, (inn the ř»iiPltCT GloUKlllKCof the Sludenl IB hl> Sa«K I 



LABORATOBT HANDB00E8 BT A. HUHBOLDT SEXTON^ 



Sexton's (Prof.) Outlines of Quantitative Analysis. 

fOR TUB Uí:E OF STdDByTS. 
With IllmtrationB. Fochtíi Eoition. Crown Svo, Cloth, 3i. 



A gwd uid naaliil book," — Lauctl. 



Sexton's (Prof.) Outlines of Qualitative Analysis. 

FOR TUE USE OF STUVICyTS. 
With lUuítrations. Th:rd Edit:on. Crown Svo, Clotb, 3«. 6d. 
" Thí worit d( a Ihorooghlj prmiBeJ chímiat. "— BriíúA Medical JouttwU. 
" Compilíd with gTMt OKB, iDd will inpplj b wml."— Journal if Š' 



Sexton's (Prof.) Elementary MetalluT^y: 

Inolndiog the Aathor'8 Practicsl Laborotory Course. With many 
lltustr&tioni, 6r. [S?e p. 66. 

■' Jmt thii kind of work for itudanta mmmmdng th* Mndj of metíUnrgj.'*— 
FraríicaC ťayiiieer. 
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CHEMISTRY FOR ENGINEERS 
AND MANUFACTURERS. 
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"The aathon háve sdcoirdbd beyond all expectatlona. and háve produoed a work whioh 
•honld glTe miSH powir to the Engineer and Maaufacturer "—Tht Timet. 



CHEMISTRY OF ENGINEERING, BUILDING, AND 

METALLURGY. 

Overal ContoiiíA.— INTRODaCTION— CHemistry of the Chief Materials 
of Constmetlon— Sonrces of Energy— Gliemistry of Steam-raisliig— CliemU- 
try of Lubrication and Lubrlcants— Metallurglcal ProceBies oied In the 
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Practical thhooghout . . an admiraoli tixt-book. useful not oniy to Studente, 
bat to Enoinbxu and MAifauifts or wokkb in pairiNTiiío wabtb and mraoTiNO pbocissbs."— 
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*' BmRBHTLT PBACTICAL"— <?to«|7O10 BtnUd. 

"A bonkworthy of HiOH BA!ic . . . ite merit 1b great . . . treatment of the soktjeot 
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*o.— Destraotlye DUtlllatlon -Artlflelal Mannre Mannflt e tnre— Petroleum 
— Llme and Cement —Clay Induetrlee and COaee^Sngar and Staroh— Brewlng 
and DUtming— Olls, Reslns, and Vamlehee— Soap and Oandlea—Teortllea 
and Bleachlng — Colooring Matten, Dyelng, and Prlntlnc » n^neir aad 
Pasteboard— Pigmente and Paints— Leather, Olne, and 
and Matches—Mlnor Chemical Manufactorea 

''Certafnly a oood and usbpul book, constitnting % pkactioal eoiMi lor i 
affordiog a dear conception of the namerons procesíM m a whola*' 
JoumtU. 

**We ooNnDSMTLT KBooMMBirD this Tilome ■§ e vBAonoAL* eai ael # 

TSXT-BOOK, Of ORKAT VALUX tO »tad9UtM.^*—J%š BMdtT. 
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í VHAHLES QRlfFIN * CO.S POBLWATIOHB, 

WORKS BY A. WYNTER BLYTH. M.R.C.S., F.C.S., 



FOODS: 

THEIR COMPOSITION AND ANALYSIS. 

Id Derny 8ra, witb 
Clo 

QENIIRAL COMTENTS. 
Hiitor; of Adulter&tian — Legislation, PobC nud Prraeut — App»r>ti 
oiefal to tho Fcod-Analyst — '• Ash " — Sugar — ConfectioliBry— Honey- 
Treaoie— Jáma and Pceaerved Fniita-Starohea— Wheaten-KWr— Bread 
- Oata - Barley— Rye - RiCB — Miize — M illet — Potato — Peaa — Chině** 
Peaa — LeoUU — BeaiiB — MlLK — Cre«m — Butter ^ Oleo- Margarine ~- 
Butterine— Cheeee — Lard^Tea— Coffee— Cocoa and Chocolale— Alcohol — 
Br»ndy — Ru m— Whiaky — Gin — Arrapk — Liqueura — Abeiotbe^Princi ploi 



o( Farmentation — VeBSt^Beer — Wine— Vinegai — Lemon 
Juice — Mastard — Pepper— Sweet anii Bitter Almond — Ani 
Oil — Water — Standard SolutioiiB sod Reagents. A^endx 
Englub aud AmeríoaJi Adalteration Acta. 

PRESS KOTICES OF THE FDURTH EDITION. 



a-OUv» 
Teit of 



"Tnx 



?^l" 



•Dbl«i 



■kHim. wiJI H AQceptfld u 



POISONS: 

THEIR EFFECTS AND DETECTION. 

IRD EuiTiON. In Lar^ 




), Cloth, with Tablea and Illustrationa, 
Price 2lii. 

GENBRAIi OOHTENTS. 
1. — Uiatorical Introduuliou. II. — ClasBÍlication^íítatiBticK — Connectioa ■ 
betVQca Toiic Action and Chemíca! Compoaition — Life Teste— General 
Methodof ProoBdnrE— The Speotroecope— Biamínalion of Blood andBlood 
Staiai. IIL— PoisonouB Gaaea. IV.— Acids and Alkaliea, V.— Mor* 
ot IciB Volatile Poiaonous Hubatances. VL^Alkalúds and Poisonoaa 
Vegatable Principlea. VII.— Pobons derived from LÍTJng oř Dtnd Aníinal 
Substance*. VIII.— The OxaUc Aoid Qroup. IX. — Inorganic Poiaoo*. 
Appmdix: Treatment, by AntidoMB oř otherwiae, of Caaea of Poiioning. 



Ihi mrd KúUbml. 






n work."-r*« I- 
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ÍRAND. ^1 



CHBM18TRY AND TECHNOLOGY. 



73 



SECOND EDIT/ON, in Active Preparation, 

Photography: 

tTS HI8T0RY, PR0CES8ES, APPARATU8, AND MATERIALS. 

Comprisingr . Workingr Details of all the More 

Important Hethods. 



BY 



A. BROTHERS, F.R.A.S. 

WITH NUMERO US FULL PAGE PLAT ES BY MANY OF THE PRO- 
CESSES DESCRIBED, AND ILLUSTRATIONS IN THE TEXT. 

In Lar^e SvOy Handsonu Clotk, 



GENERAL CONTENTS. 



Part III. — Apparatus. 

Part IV. — Materials. 

Part V. — Applications of Photo- 
graphy ; Practical Hints. 



Part. I.— Introductory : His- 

torical Sketch; Chemistry and 

Optics of Photography; Arti- 

fícial Light 
Part 1 1. — Photographic Pro- 

cesses. 

" Mr. Brotkert has had an experíence in Photography so laif e and Taríed that aay work 

byhim cannot fail to be interestinc and valuable. ... A most comfkbhbnsivb Volume, 

cnterínc with full details into the varíous procesaes, and tkkt fullt iUustrated. The 

PKACTicALMiNTsareofcKKATirALUB. . . . Admxnhiv zotvp.'' -^Btíí. .'^ttT. cfPi^íp£y^/Jkjř. 

** For tbe íUuttrations alone, the book is most interesting ; but, apart firom these, the 
roliune is valuable, bríghtly and ]ďeasantly written. and most admikably arkangbd."— 
PA^Ufrm^Aic News. 

*' Certainly the riNBST illustratbo handbook to Photography which has erer beea 
puUished. Should be on the reference shelves of every Photographic Sodety." — AmmUttr 
PkětpgraphďT. 

"A handbook so far in advance of most others, that the Photographer must aot fail 
to obtaia a copy as a reference work.** — Phětograýkie W&rk. 

"The COMFLBTBST HANDBOOK of the BTt which has yet been published.** — ScpU 



* « 



The New Edition will include all the Nevver Developments in 
Photographic Methods, together with Speciál Articles on Radiocraphy (the 
X Rays), CoLOUR Photography, and many New Plates. 
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74 CHARLES ORIFFIN é 00.'8 PUBLIOATIOIía. 

Skoond Edition, Revised and EnUrged, with New Sbction 

on AOITTLBNK. 

GAS MANUFACTURE 

(THE CHEMISTRY OF). 

A HanďBook on the Produotion, Purífloation, and Testíng 

of lllumínating Oas, and the Aaaay of the Bye- 

Products of Oas Manufaoture. hor the 

Use of Studenta. 

BT 

W. J. ATKINSON BUTTERFIELD, M.A., F.I.C., F.C.S., 

Fomierly He«d Cbemlai. Om Works. Beckton. London. K 
WUh NumerouB IlluBtratioru, Handsome Clath, 

" The BEST WORK of iU kind which we háve ever had the pleature of re- 
Tiewing.**— /twimo/ o/ Ooi Lightinff, 

" Amongst works not written in German, wi recommrkd before all othbbs, 
BuTTERFiELD'a Chemistrt OF Ga8 Manufacture.**— CVifwwfcer Zeitung. 

GENEBAL CONTENTS. 

I. Raw Materiali for Gas VI. Finál Details of Hanu- 

Manníactnre. fftotnre. 

II. Coal Oas. VIL Gas AnalyBif . 

III. Carbnretted Water Gas. | VIII. Photometry. 

IV. Oil Gas. IX. Applications of Gas. 
V. Enríching by Light (His. X. Bye-Prodncts. 

XI. Acetylene. 



*^* This work dealt prímariljr with the ordinary pruoeaiet of Gas Mahopaoturb 
emplojed in thii oonntry, and aims eepeciallj at indicating the prindpUs on which 
they are haMd. The more modem, but as jet nnbeidiaryf prooeaeee are fulíj treated alao. 

The Chapters on Oas Analsrali and Photometoy wiU enable tbe oonramer to 
crasp the methods hj which the qnalitj of the gas he nsea is aaoertained, and in the 
Ghapter on nie Applications of Oaa, not onlj is it discossed as an illmninant, bat 
also as a ready sonrce of heat and power. 

Tbe Incandesoent Oaa Lighi is dealt with in an ezhanstive roanner, and the 
latest tbeoríes of its physical basis, ta well as the practical developments of lighting 
bj Incandesoenoe, are thoronghlj discussed. 

In Chapter X. an attempt has been made to traoe in a readilj-intelligihle manner 
the extraction oř the principál derivatives from the cmde Byk-products. 

The work deals inddentally with the most modem featnres of the indnstrj, in- 
olndinff inter (dia the commeroial prodnction and nses of táoetyiene, to which a 
spedalChapter is deroted in the new Edition, and the applicatíon of oompreased gas 
for Street Traction. The needs of the Stndents in Techmcal CoUeges and Classes háve 
tlm>nghont been kept is yiew. 
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CBEMiaTRY AND TSCHNOLOOY. 75 

CASTELL-EVANS (Prof. J., F.I.C. F.C.S., 

Finsbury Tcchnical CoUege) : 

TABLES AND DATA for thc use of ANALYSTS, CHEMICAL 
MANUFACTURERS, and SCIENTIFIC CHEMISTS. In Large 
8vo. Strongly Bound. [Shortty, 

\* This important Work will comprehend as far as possible all rulks and tablss 
required by the Analyst, Brewer, Dis&Iler, Add- and Alkali-Mantifiícturer, &c. &c. ; and 
also the prindpal data m Thbrmo-ChemiíiTry, Electro-Chemisticy, and the varíous 
branches of Chemical Physics which are constantly required by the Student and Worker in 
Originál Research. 

Every possible care has been taken to ensure perfect accuracy, and to indude the results 
-«f the most recent investigations. 



ELBORNE (Wm., B.A., F.L.S., F.C.S.) : 

PRACTICAL PHARMACY. (Sec p. io6 Gnifral Caiahgtu). 



GRIFFIN (John Joseph, F.CS.) : 

CHEMICAL RECREATIONS: A Popnlar Maniud of Experimcntal 
Chemistrj. With 540 Engnvings of Appftntns. Tmih Ediiian, Crowa 
8vo. Cloth. Complete in one volume, Parts I. and II. Cloth, gilt 
top, 12/6. 

Part IL— The Chemistiy of the Non-Metalllc Elements, 10/6. 



MUNRO (J. M. H., D.Sc, Professor of Chemistry, 

Downton College of Agrículture) : 

AGRICULTURAL CHEMISTRY AND ANALYSIS : A Pimc 
TICAL Hand-Book for the Use of Agrícultural Students. {Griffin's 
Tecknological Manuals,) 



RICHMOND (H. Droop, F.C.S., Chemist to the 

Aylesbury Dairy Company) : 

DAIRY CHEMISTRY FOR DAIRY MANAGERS, CHEMISTS, 
and ANALYSTS: A PracUcal Handbook. {Griffin's Technolcgúal 
Manuals, ) 
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J« 0BARL8S ORIFFIS A C0.'8 POBLIOATIOlfB. 

Painters' 
Colours, Oils, & Varnishes: 

A PHACTlCAIi nXANUAlj. 

Bv GEORGE H. HURST, F.C.S., 

IlEUbci of thc Socí»r Df ChemiíMj InduicrT: Leciurrr on ihe Tcchnolosr of PuBlen' 
Coloun, Oili. imil Vunithu, Ihe Municipal Technieal Scboal, MuchslEr. 
Seconi) Edition, KcvíukI ami Enlicged. Wii)i Ulustralluns. \2s. 6A. 
Qenshai. Contents.— lmroductory~THE Compositlon. Manufactubb, 
ASSAV, and ANAL.VEIS of PlUHBNTS, Whitu, Red, Vellow uid Oronge, Gmn, 
Blue. Brown, and Black— LAÍES—Colour aod Paiol Macli 
{Oils. Turpenline, *o., ftc.)— Driera— VabnishkS. 

lectioa on Viiniúh'^he mott nuóťiblc w« hnvťmct •>Íth."-Ci« 



-Citmic' 



i lhal uliilaclsrílr 



D Cleaning, sec p. 83. 



CALCAREOUS CEMENTS: 

THEÍR NATURE. PREPARATION. AND USES. 



GILBERT R. REDGRAVE, Assoc. Inst. CE. 
GíNEftAl. CoNTíNLS.— Inttuduction— Historical Revíew ol ihe Ctmenl 
Induslry— The Eaily Days of Portland Cemenl— Composkíon of Portland 
Cemenl — Paoctssas of Mano ťACTURB— The Wíjhmill and thc Backí— 
Fluo and Chainber Diying Processci — Calcination of ihe Cement Míxture — 
Grinding of Ihe Cement— Composil ion of Mortar and Concrele — CbmíMT 
Tmting — Crkhical Analvsts of PorlUnd Cement. Lime, and K«» 
Maleriiils ^ Employment of Slags for Cement Making — Scntťs Cement, 
Selenilic Cemcnl, and Cemenls produced from Scwagc Sludge and the 
Refiise from Alkali Works — Piasler Cemenls— Specificationa for Portland 
Cement— Appendicea (Gases Evolved from Cement Works, Effects of Sea- 
water on Cement, Cosi of Cement Manufaeture, &c., &c.) 

" IIVALDABII U) UlB BmcIDIli, ATuDltSOC. ud EtIltiDB 
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CHMMISTBr AND TBCHNOLOQY. 77 



Painting and Decoratíng: 

A Complete Practical Maniuil for House 
Paiihters and Decorators. 

Embracing the Use of Materials, Tools, and Applianoes; tha 

Practical Processes involved ; and the General Principles 

of Decoration, Colonr, and Ornament. 

BY 

WALTER JOHN PEARCE, 

LKCTURKR AT THB XAKCHBSTXR TBOHMICAL BCHOOL VOR HODSK-rAISTTUrO AMD DKCOEATIHa. 

In Crown Svo. extra. With Numerous IllustratioDS and Plates 
(some íd Colours), inclading Oríginal Designs. 12s. 6d. 



GENERAL CONTENTS. 

Introduotion— Workshop and Stores— Plaut and Applianceji — Brushes and 
Tools^Materíals : Pi^ments, Driers, Paintera' Oils— Wall Han^ngs — Paper 
Hanging— Oolour Mixing— Distempering— Plain Painting — Stainin&r— Varmih 
and v arDishing — Imitati ve Painting — Graining — Marbiing — Gilmng— Sign - 
Writing and liéttering — Decoration : General Principles — Decoration in Dis- 
temper— Painted Decoration — Relievo Decoration — Colour— MeasuHng and 
Estunating — Coach-Painting— Ship-Painting. 



**A THOROUOHLY USEPUL BOOK . . . gives OUOD, SOUND, PRACTIOAL 

INFORMATION in a CLBAR and CONCISE FORif. . . . Can be confídently 
recommended alike to Student and Workman, aš well as to those carrying on 
business as House -Painters and Decorators." — Plumbtr and DecorcUor. 

** A THOROUGHLY OOOD AND RELIABLE TEXT-BOOK. . . . So FULL and 

COMPLETE that it wonld be difiicult to imagine how an3rthing f orther could be 
added about the Painteťs cra,f t.*^—BuilderP JournaJl. 



*«* Mr. Pkarce*8 work is the outcome of many years' practical ez- 
perieDce, and will be found invaluable by all interested in the subjeots 
of which it treats. It forma the Companion- Volume to Mr. Gro. Hurst'8 
well-known work on " Painters* Colofrs " (see p. 76). 
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BREWING: 

mt mmcinis as* r^Mcntx. 

^je. T*« Mc íar tr^js&rr^ tma- *««rrc)»- mm. 







UmOOll : GHUI.E> tlIFFIII 1 CO., UHITED, EIETEII HREr, 8TIIMID. 




T«LL 



ln teiíf. ^Ii<i^ iíIk 



CUMk. ^V]^ 



TECHNICAL MYCOLOGY: 








Bt Díl FRANZ LAFAR. 



VTitík 



Innoémtíáam hj Dk. KMIL CHR. HAXSKX. l>i»cái>*l «r «li« 
(Wlsbeig LAbormtoTT, CVpf-nh«j:Mi« 

Tkaxsuitvd bt CHARLES T. i\ SALTRK. 

MXXxmxnsQLx rtvrn. wokK. wkleh duli tm « ihorMtlchtF MtlMitiftř tl^Hl wtUi 



oouHALLT rceoraiBcnd I>r. Lafiurt votk to thr wiwi> N >r>«Ciiryř>»>iwl» i 
itt Author aa ixouior* ámockt o» lamhtk aic» ftiBHiJkiiťw. No «»« wM tkW 
vcU Mr. Salter baa úaw hte fart.**— TV Jlryw<4t* J^mn^. 



**Tlie cfaapiera Tnu with nmats»Tixo VAtrt* fttm b«4dMitiur l« <«4 . « , Hv* itku 
1s á»wiBá»i,». Um dawilleatloo aimple. Um MrW coiid, and tba IM^Mify «f th« wh<^ ««Hl 
to eonrey acss dctobxatioii to th« reader."-7W trt»M(, 

''SbooM pton of Um imotr talitb to Plianaacbta» Oli»n><»ta» AKrtc«1t«Hmk aM WMkM 
ottMn (UrBeUy or Indlrectly ooneerned In the utillMttto« «t MlcrcVi^rcaBtanit In tlM Attt «m4 
JUanfactima. It to diflimit to ooorelTa of a mora Mtiatkictorjr prttcttoal haMlNtoli ' 



*,* Um eztraordinary rčUi plajed by Mlcm-ivrfantama tn HivwtnM *n«l IUtUIUil( 
the mannfacture of Sogar, of VinegAr, and Acrtlc Add- in Tunntnu and tS^lHiooo 
MannfácUire— in Agricultural Induatrios and tha ProcoaMa oonnoct^t wtth th<» iHlry ; 
flonrlng of Cream, Cheeae-Rlpenlng, Ac., ^kc— oombine to maka Pr. lAfur^a IVtllVnik 
<me of great tbIuo and intereat to a very wide drole of i^aadort. It !• hopad tliat b«>Ui 
Volunea of the Sngliah venion wiU ba laaued duiing 1808. 
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OHáRI.KS QRirrilT * 00.'8 PUBLICATIONB. 



W0BK8 BY DR. ALDEB WBIQHT, FJLB. 

Fixed Oils, Fats, Butters, 

and Waxes: 

THSIB PREPAIULTION AND PBOPBBTISB, 

ANI) TIIK 

MANUFAGTURE THEREFROM OF GANDLE8, 
80AP8, AND OTHER PRODUCTS. 

BY 

C. R. ALDER WRIGHT, D.Sc, F.R.S., 

L«te L«cturer oo Chevistry, St. Marv's Hotpital Mcdical Schoot : Examiner in *'Soap** 

co th« City and Guildi oí London Institute. 

Id Large Sra Handsome Cloth. Witb 144 Illustrations. aSs. 

" Dr. Wkight'! work will be found ABSOLtrrBLY inoufbnsablb by everr Chemiac 
Tbsms with Information Taluable alike to the Analytt and tke Technical Chiaitt.*'— 
Tkf Anály it. 

'*Will rank as the Stakdakd ENCLitH Authority on Oiu and Fats for auuqr 
years to come."—/tuÍMstriet mmd Jr^n, 

\* For other Works on OlLS, consult Redwood on PETROLEUM (p. 58), 
and HuRST on Painters' Colours, Oils, and Varnishes (p. 76). 



Sboovd KDinojr. With Tery Numerooi lUiutratioDs. Handsome Cloth, 6c. 
A1m> PreMnUtion Editícn, GUt and Gilt Eá^n, 7s. 6d. 

THE THRESHOLD OF SCIENCE: 

Simple and Amusingr Experiments (over 400) in 

Chemistry and Physies. 

By C. R. ALDER WRIGHT, D.Sc.. F. R. S., 

Latě L49Cturer on Cticmiitry. tft. Mary'! Hospitai Medleal School. 



" Any one who m%j still hare doubta regardin? the ralne of Elemcntary 
Scienoe ae an oivan of edncation will speedily bavě his doubta diapelled. if fa« 
Ukea the trouble to ondentand the methodt reoommended by Dr. Alder 
Wrigbt. "-JSTaťure. 

" Step by iten the leamer ia bere ft«ntly guided throufh the patha of Sctesce, 
made eas^ by tne perfect knowledge of tbe teacher, and made flowery by the 
moet etríkinf and ourknu experimente. Well adMited to beoome the trbabubid 
FKUND of many a briifht and promiaing lad.**— iraiKAetter Mmawúnar. 
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THB TBXTILB JSOffaTS/BS. 



510. THE TEXTILE INDUSTRIES. 




In Two Large 8vo Volumes, 920 



pp. 


with 


a SUPPLEMENTARY 


Volume, 


containing Specímens 


of 


Dyed 


Fabrics. 45s. 



MANUÁL OF DYEING: 

FOB TH£ USB OF PRAG7ICAL DYtRS, KANUFACTUIi£RS. STU0£NT8, 
AND ALL INTERESTED IN THE ART OF DYEING. 



. KNECHT, Ph.D., F.I.C.. 



CHR, RAWSOH, F.I.C., F.C.S., 



And RICHARD LOEWENTHAL, Pb.D. 

Gemíhal Contknts.— Chemical Technology of thc Textile FabrioB— 
Water — Washing and Bleaching — Acíds, Alkaliea, MordantB — NnCural 
Colouring Matten — Artíficíal Oreaiuc Coloariog Mattera — MineTul Colonn 
— Mochínery atcA in Dyeiag— Tioctorial Propertits of Colouring Matters— 
Analyaia and Valuation of Materiali ušed in Dyeing, ke, &c. 

"TbliknUiOTlHcIiaiQil scniDsilia irorli tbe host ounriiin wetuTsjai «« 

OB th* lobjanL"— JViiWi Mln,^^lla•i^^^. 

•■ The HDBT UBiDiTiTB nd coHrLciE >rou OD Ů>e lablKt uhidL '-rulíK llKKrtUr 
" Tbe dlnlngaiibad »tDora hiTB plHSd Id Ihehandior IBdh dill; «D«i«e<l la lbe dj^a- 
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8a OHABLĚS ORIFFIN é 00:B PUBLI0ATI0N8. 

Companion-Volume to MM. Kneoht and Raiv8on'8 "Dyeing." 

TEXTILE PRINTING: 

A FRACTICAIi MAKUAIi. 

Indndiog the ProcesBes Ušed in the Printing of 
COTTON. -WOOLLEN, SILK, and HALF- 

sujK fabeics. 

BT 

C. F. SEYMOUR ROTHWELL, F.C.S., 

Jftm. 9oc. 0/ Ckěmieal lndu*trié$; laU Lteturtr at tht Munieifmi Ttehitiemt 3tk 

Mamehutmr. 

In Large 8vo, with Illustrations and Prínted Pattenis. Príce aii. 



GENEHAL CONTENTS. 

IntroductioD. Padding Style. 

The Macbinery Ušed io Textile Reeist and Diacbarge Styl< 

Prínting. The Príntiog of Compoond 

Thickenera and Mordanta. Colourings, éto. 

The Príntiog of Cotton Goods. The Prínting of Woollen Goods. 

The Steam Style. The Príntiog of Silk Goods. 

Colouni Produced Directly on the Practical Recipes for Prínting. 

Fibre. Appendix. 

Dyed Styles. Useful Tables. 

Patterns. 



" Bt far thk bb«t &nd mobt practical book on tkxtils pmnrmio vHiich has yetbaMi 
t>ronf ht <rat« aad will loog remain the •tandard work on the tabjeot It ie e e ee ofl a i i y 
practloal in oharaoter.*'— 7VLr<»{c Mtrcury. 

*' Tuk Moer raAcncAL maitoal of textuj paomxo whloh haa yet appeared. We ha^a 
DO heeitation in reoommending \V—Tht Texíilt Manufaetmtr. 

" Uhdoubtkdly Ma. Botbwxll'8 book is tub bebt whieh haa appeared on mmia 
rxiHTiBO, and worthily formu a Companion-Volome to * A Ifannal on I^ing.' **— 2%e D^tr 
«iMÍ Calieo Frinter. 
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Large 8vo. Handsome Cloth. 128. 6d. 

BLEACHING & CALICO-PRINTING. 

A Short Manuál for Students and 

Practical Men. 

By GEORGE DUERE, 

Dlreetor of ihe Bleaching, Dyeinr, and Printlnf Department at the Accrincton and Bacati 
Teehnlcal Schoola ; Ohemist and Golooriat at the Irwell Print Works. 

AssiSTKD BY WILLIAM TURNBULL 

(of TombuU ft Stockdale, Limited). 

With lUustrations and upwards of One Hnndred Dyed and Printed Pattema. 
designed specially to show various Stages of the ProoeaieB descríbed. 

GENERAL CONTENTS. — Cotton, Compoeition of ; Blbacbino, New 
Processes ; Printing, Hand-Block ; Flat-Preas Work ; Machine Printing— 
Mordants-Styles of Calico-Pbinting : The Dyed oř Madder Style, Renat 
Padded Style, Dbcharge and Extract Style, Chromed or Raised Colonrs, 
Insoluble Coloure, &c. — Thickeners — Natural Organic Colouring Mattera 
— Tannin Mattere — Oils, Soape, Solvents — Organic Acids — Salta — Minerál 
ColouTB— Coal Tar Colonrs— Eřyeing — Water, Softening of — Theory of Colours- 
— Weights and Measures, &c. 

*' When a mudt wat oat of a difflculty íb wanted, it is IH books liki this that it Is roond."— 
TtKtilt JttoonitT, 

"Mr. Ddibk'8 wokk will be foand mosy usBfDL. . . . The information (iven of aaiAr 
TALca . . . The Becipes THOROUOHI.T PBACTiCAL."— rexlil« Jfam^acdirer. 



GARMENT 
DYEING AND CLEANING. 

A Practical Book for Practical Hen. 

By GEORGE H. HURST, RC.S.. 

Member of the Society of Chemical Industry. 
With Numerons lUustrations. 45. 6d. 

General Contents. — Technology of the Textile Fibrcs — Garment Cleaning 
— Dyeing of Textile Fabrics — Bleaching — Finishing of Dyed and Cleaned Fabrics — 
Scourínji and Dyeing of Skin Rugs and Mats — Cleaning and Dyeing of Feathers— 
Glove Cleaning and Dyeing — Straw Bleaching and Dyeing— <}lossary of Drugs 
and Chemicals — Usefiil Tables. 

" An up-TO-DATB hand book has long been wanted, and Mr. Hurst has doně nothing 
more complete than this. An imnortant work. the more so that several of the branches of 
the craft nere treated upon are almost entirely without Er.glish Manuals for the gutdance 
of workerf . The príce bríopi it within the reach of ah.^^—Dyer nnd Calieo-Printer. 

*' Mr. Hursťs wonc drcidbdly fills a want . . ought to be in the hands of 
BVBBY GARMENT DYBR and cleaner in the Kingdom" — Textile Mercury, 

LONDON : CHARLES GRIFFIN & CO., LIMITED. EXETER STREET, STRANO. 



OBABLMS OnimN é 00.'8 PUBLIC ATIOÍIS. 



Fifteenth Annual Ismte. Handaome cloth, 7$. 8d. 

THE OFFIOIAL YEAR-BOOK 

CfW TNB 

SCIENTIFIC AND LEARNED SOCIETIES OF GREAT BRTTAIll 

AND IRELAND. 

OOXPILKD FROM OFFIOIAL SOXJ&OSa. 

Oomprišing {togěUier with otker Offieiaí Information) U8T8 of tkě 
PAPER8 read duríng 1897 bofon all tko LEADIM8 80CIETIE8 throughotrt 
thš KIngdom engaged in the following DepartmenU of Reoeareh :— 



I g. Scicoc* G«fi«ratty : «>., SecMtiM occopy- | f 6. Econonic Sdeace aad StatitcioL 

mg theniMlr«swithiCTenlBr«achcsof ' f 7> llccfaanical Sdencc, Encinecríng. aad 

Saence, or with SdoKC aad Lhcramr* Arcliit«cttM« 

jotntly. ' f t. Naval aad MílitaiT Sacaca. 

I %. Mathematks and Pbyaáca. , f 9- Africuhure aad Homcateara. 

I } CSienistry aad Photographr. : f so. L«w. 

4 4. Geology, Geogfaphy, aad Mincfalogy. f 11. literatim. 

I f. Biology, iacluding Microacopy and Aa- I I la Psychology. 
Chropology. 1 1 13. Archaeology. 

1 14. Mbdicink. 



*"The Year-Book of Societies' fills a very reál want." — 
EngifUčring. 

** Indispensable to any one who may wish to keep himself 
abreast of the scientific work oř the day." — Edinburgh Medical 
/ournal. 

" Tha Ybar-Book or Socibtiss ti a Recofd which ought to be of tho grcatert uitc far 
the progreM of Scianca." — 1.^</ Plm]/mir, F,X.S.^ K.C.B.^ M.P., Ptut-Presídent o/tk* 
Brtiuk Atséciah^H. 

" It goaa almoft without utying that a Haodbx>k of this tubject wiU ba ta tiaie 
one of the inp«t_g«i<d'aUy uialul wotk» for the Ubrary or the dok.**— 7*^ Tmut. 

^""""""^TiTuaraoaetíerarrTioir ^ra^^ tha 'Year-book of the Scientific aad 

Lcamed Societiet of Great Brítain and Ireland.'"— <Art. "Societies" in New Editioo of 



Copies oř the First Issue, giving an Account oř the History, 
Organization, and Conditions of Membership of the various 
Societies, and forming the groundwork of the Series, may still be 
had, price 7/6. Also Copies of the following Issues. 

The YgAR-BooK oř sociktiks forms a complete inpkx to 
THE SCIENTIFIC WORK of thc^ai in the various Departments. 

it i8 ušed as a ready Handbook in all our great Scientific 
Centres, Museums, and Libraries throughout the Kingdom, 
and has become an indispensable book or reference to every 
one engaged in Scientific Work. 

LONDON : CHARLES ORIFFIN & CO., LIMITED, EXETER 8TREET, STRANO. 



PRÁCTICAL MEDICÁL HANDB00K8. 85 

FouRTH Edition, Revised. With Additional lUustrations. Pricc 6t. 

PRÁCTICAL SANITATION: 

A HAND-BOOK FOR 8ANITARY IN8PECT0R8 AND 0THER8 

INTERE8TED IN 8AMITATI0N. 

By GEORGE REID, M.D., D.P.H., 

FtlloWt Mem, Conncil, and kxaminer^ Sanitary Institute of Great Britain, 
and Meelical OJicer to the Staffordshirt Cotmty Couneil. 

TSnitb an BppenMs on Sanitatis Xaw. 

By HERBERT MAN LEY, M.A., M.B., D.P.H., 

Mědical Officer of Health for thi County Borough of Wtst BrotHwich, 

General Contents.— Introduction — Water Supply: DrÍDking Watcr, 
Pollution of Water— Ventilation and Warming — Principles of Sewage 
Removal — Details of Drainage ; Refuse Removal and Disposal — Sanitary 
and Insanitary Work and Appliances — Details of Plumbcrs Work — House 
Construction — Infection and Disinfection — Food, Inspection of ; Charac* 
teristics of Good Meat ; Meat, Milk, Fish, &c., unfit for Human Food — 
Appendix : Sanitary Law ; Model Bye-Laws, &c. 

•* A VĚRY USEFUL HANDBOOK, with a Tcry usefúl Appendix. We recommend 
it not only to Sanitary Inspectors. but to Householders and all interested 
in Sanitary matters." — Sanitary Record. 



Third Editioíí, Revised. Large Crovm 8w. Handsom^ Cloth. 4ě, 

A MANUÁL OF AMBULANCE. 

By J. SOOTT RIDDELL, CM., M.B., M.A., 

Senior Aast.-SurKeon, Aberd«en Royftl Inflmiary ; Lecturer Mid Bz»minar to the Aberdeea 

AmbaUnc« AMOciatlon ; Ezftminer to the 8t. Andrew's Ambulance Aiaociation, 

QIm^w, and the Si. John Ambulance Auociation, London. 

With Numeroua /ííuaUationa and Full Page Píatea, 



General Contents. — Outlines of Human Anatomy and Physiolofinr — 
The Triangular Bandage and ita Uses — The Roller Bandaee and its Usef 
— Fracturea — Dislocationa and Spraina — Hsemorrhage — Wounds — Inaensi- 
bility and Fits — Asphyzia and Drowning- Sufifocation— Poisoning-— Buma, 
Frost-bitCf and Sonstroke— Removal of Foreign Bodiea from (a) The Eye ; 
(6) The Ear; (c) The Nose; (d) The Throat; (p) The Tiaaues— Ambulance 
Transport and Stretcher Drill— -The After-treatment of Ambulance Patients 
— Organisation and Management of Ambulance Classes —Appendix : Ex- 
amination Papers on First Aid. 



»t 



'A CAPITAL BooK. . . . The direotions are eHOKT and clkar, and testify to the 
hand of an able Hurgeon." — Edin. Med. Journal. 

" Thia little volume seenit to ns about as good as It couldpossibly be. . . . Containt 

firaotieally OTory pieoe of Information necetNiry to render Firat aid. . . . Shonld flnd 
ta pláce in ktrrt BOuaiCHOLO librabt.**— /)a</y CkronieU. 

"So ADMiBABLB ÍB this wofk , that it Ib dfflBcnlt to imagine how it conid be better."— 
ColtUry Ouardian. 



LONDON : CHARLES GRIFFIN A CO., LIMITED, EXETER STREET, STRANO. 



16 CHáKLMB QRIFFIN S C0.'B PUBLWATlOya. 

" BoyB OOULD ^OT HAVI A MORK ALLURINO INTRODUOTION tO SCientlflO pvavlto 

than thete charming-looklng volumM."— Letter to the Publishen from the HMd- 
muter of one of our great Public Sohools. 

OPEjl-AItl STUDIES I]! fiOTAjlY: 

SKETCHES OF BRITISH WILD FL0WEB8 

IN THEIR HOMES. 

R. LLOYD PRAEGER, B.A., M.R.I.A. 

Illostrated by Drawings ft>om Nature by S. Rosamond Praeger, 

and Photogrraphs by R. Welch. 

HandBome Cloth, 7s. 6d. Gilt, for Presentatíon, 8fl. 6d. 

Grneral Contknts.— a Daisy-Starred Pasture— Under the Hawthorn* 
— By the Kiver — Along the Shingle — A Fragrant Hedgerow— A Connemara 
Bog — Where the Sainphire grows — A Flowery Meadow — Among the Con* 
(a Study íd Weedt)— Id the Home of the Alpines — A City Rubbish-Heap — 
GloBsary. 

" A FŘKSH AND 8TIMULATIN0 book . . . shouid také a high pláce . . . The 
Illuitratlons are drawn wlth much sklil."— 7 he Timet. 

*' BKAUTIFI/LLT ILLU8TRATID. . . . One of the MOST AOOURATK at well a» 
IMTIRB8TINQ books of the klnd we háve %etvx."—Athen(»um. 

"Redolent wlth the scent of woodland and meadow."— rA« Standard. 

*<A Seríea of STIMULATINO and delightful Chapters on Kleld-Botany."— TAe 
Sootmman. 

" A Hork aa prbsh In many ways ai the flowera themsolves of whlch it treata. The 
RIOH STORK of Information whlch the book contalns."— 7 A<! Garden. 



mH^% STUDIES IH GEObOGY: 

An Introduction to Geology Out-of-doors. 

BY 

GRENVILLE A. J. COLE, F.G.S., M.R.I.A., 

Profesaor of Geology in the Royal College of Science for Ireland. 
With 12 Fu/I-Page llluatrationš from Photographš, Cloth, 8s. 6d. 

Orneral Contents.— The MateriaU of the Earth— A Mountain Hollow 
— Down the Valley— Along the Shore — Across the Plains— Dead Voloanoea 
—A Granite Highland— The AnnaU of the Earth— The Surrey Hilli— llie 
Folds of the Mountains. 

"The rABGiNATiMo 'Opbn-Aib Studiu' of Paor Colb ffive the eobjeet a olow op 
AifíMATioN . . . cannotfall to aroune keen interen in geoloKy."—(7ra/oý'iea/i/a^atúi<. 

'^EMiNBifTLT BXADABLR . . . erůTj small detail in a acene tooched with a aym- 
pathetic kindly peo tbat remindn one of the lingering brush of a Conatable.**— ilTo/Krc. 

"Tbe work of Prof. Cole comblnee blboancb of sttlb with aciBKrmc THOBODaBXBaa."— 
Pšt*nnanH's Hittheilunytn. 

** Tbe book is worthy of ita title: from coTer to corer it in itbono wlth braclng fmahnea* 
of the mountain and the fleid, while ita aocuraot and thobodohvbm ahow that It ia ib# 
work of an earnest and conBcientious student . . . Fuil of picturesque touohes whicb 
are most welcome.**— i^attira/ Science. 

" A OBABMiHO BOOK, beautifully iUustrated.'*— ilíAmmim. 

LONDON : CHARLES GRIFFIN ft CO., LIMITED- EXETER STREET. STRANA 



